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DECEMBER, 1926 


WINTER SECTIONAL MEETING 


‘HE next general gathering of the members of the American 
‘| Society for Steel Treating will be at the time of the Winter 
Sectional Meeting to be held in the City of Washington, January 
90-21, 1927. 

The plans and arrangements which have thus far been made 
by the energetic committees of the Washington-Baltimore Chap- 
ter are well under way and from all indications this meeting will 
be one of great value to all who attend. 

On Wednesday, January 19, members will begin to gather inas 
much as on that day the newly elected national officers will hold 
their first business meeting of the year at the headquarters hotel, 
the Mayflower. 

The Publication Committee of TRANSACTIONS will likewise hold 
a meeting on this same day for the consideration of publication 
matters. 

At 6:30 p. m. that evening, the third Early Birds’ dinner 
will take place, to which all members of the Society are invited. 
This feature was inaugurated at Buffalo last year and repeated 
at Hartford in the spring and proved to be a very successful in- 
novation. Following the dinner the party will attend the theater. 

The first technical session will be held on Thursday morning, 
January 20, and in the afternoon there will be an inspection trip. 
At 6:30 p. m. that evening a banquet will be held at which time 
a number of the most interesting addresses will be given by im- 
portant personages in the Washington district. 

On Friday there will be two technical sessions and one in- 
spection trip. The technical sessions will be held in the morning 
and evening and an inspection trip is scheduled for the afternoon. 

Kor those who desire to remain over until Saturday, the com- 
mittee has arranged an interesting tour of the city of Washington 
and environs. 
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The tentative schedule of technical papers to be pl 
at these meetings is as follows: 
Centrifugal Casting of Steel—Leon Cammen 
Fundamental Research on Non-Metallic Inclusions in Steel 
C. H. Herty, Jr. 
Proare SS on Study of Normal and Abnormal Steel Samuel Ky : 
H. S. Rawdon 











Normality of Steel—J. D. Gat 

Review of the Metallurgical Activities of the Washington-Balt 
trict—Emil Gathmann. 

Wear Resistance of Cutting 


Blades—W. J. Merten 


























Kdges of Blanking Die Parts a 















The Mayflower will be the official headquarters and al 
nical sessions and committee meetings will be held there. 
bers and guests should make their hotel reservations as es 
possible and directly with the hotel management. stating thi 
of arrival, the price of accommodations desired and requi 
an acknowledgment from the management of their reservat 
Rates for some of the hotels are as follows: 















































Hotels Single Room with Bath Double Room with Bath az 
Mayflower ...... $5 to $10 Si to 312 £9 ¢: 
Willard . a ‘ » to 7 to g g 
Washington . 2% » to S to 10 10 4 
Raleigh e-° . e< + to 6 ») to Ss 1 
Harrington 5.50 to $50 5 
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WASHINGTON 


ASHINGTON—the Nation’s capital—is situated on {I 


shores of the Potomae River and is endowed with 


natural beauty of landscape. 











In 1790, this site was chosen 
George Washington with authority from Congress to be the 
ital city of these United States. 








In 1791, Major Pierre Charles L’Enfant, a young Frenc! 
engineer, who had won honor in the Revolutionary War, was ap 
pointed by George Washington to plan the city. L’Enfant formu 
lated a most comprehensive, attractive and rational plan, capital 
izing on the physical features and the natural beauty of the land 
scape and adapting them to his purpose. 
the French City of Versailles. 

He made the Capitol and the White House the two mai 
focal points of the city and these were the first publie buildings 
erected. 




















His plan was based 01 

















The cornerstone of the Capitol was laid by Washington in 
1798. The central portion of it is constructed of Virginia sand 
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and the wings or extensions are of Massachusetts marble. 
length of the bui:ding is about 750 feet. its width is 350 
and it covers about 31% acres of land. It is built upon an 
ation of 97 feet above the level of the Potomae River and 

es majestically above its surroundings. The dome, one of the 
six finest in the world, is its crowning glory. This is surmounted 
the statue of Armed Liberty which is over 300 feet above 
esplanade and weighs 15,000 pounds. <A full-sized replica of 

s figure may be seen in the National Museum. The great lan- 
n, 15 feet in diameter and 50 feet high, spreads its light over 
he entire city. The Capitol, always majestic and beautiful, is 
never more striking than when seen at night brilliantly lighted. 

Adjoining the Capitol grounds are those of the Library of 
Congress facing west on First Street. This is said to be the finest 
library building in all the world. It is of Italian Renaissance 
uchiteeture and was completed in 1897. It is three stories hich 
and its exterior is constructed of white New Hampshire marble. 

It contains over three million books and prints. 

This is not a public library in the strictest sense of the word. 
but was constructed primarily for use of the members of the 
‘ongress, yet anyone may have access to all the stored up knowl 
edge of the ages if he chooses to avail himself of the opportunity. 
llere may be seen books from all over the world, historieal docu 
ments of great value, ete. 

In 1814 the British burned the Capito! and White House. 
The walls of the White House remained standing and when it was 
rebuilt the stained walls were painted white,—hence the name. 
Here may be seen historical relics, portraits of presidents, gifts 
from foreign lands, china used by the various presidents, ete. 
llere may be seen the famous ‘‘Blue Room’’, where official re- 
‘eptions and balls are held, the red room, the ereen room, the 
‘ficial dining room and other state rooms together with the pres- 
ident’s private apartments. 

South of the White House stretches a magnificent expanse 
( lawn where the Washington children engage in the great sport 
' egg-rolling on Easter Monday. 

To the southwest are located a group of splendid buildings, 

me of the finest in Washington, the Coreoran Art Gailery which 
ntains a fine collection of art treasures; the Red Cross Build. 
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ing; Continental Hall which was built by the Daughters 
American Revolution; and the Pan American Union built 
express purpose of fostering friendly relations between 
American Republes. 

North of the White House is Lafayette Square, one 
largest and probably the most beautiful square in the city. 
may be seen the memorial to the foreign soldiers who aided 
ica to gain her independence. 

Just behind the White House on the west is a five stor 
building covering 414 acres which houses the State and Wa, 
Departments. 




































Beautiful vistas stretch westward from the Capitol down th 
broad green of the Mall. This park, about four blocks 
extends to the banks of the Potomac. Here cone may see a 
did array of public buildings, such as the National Musew 
Smithsonian Institute, the Department of Agriculture —and j) 
the distance rises the great white shaft of Washington Monument 
555 feet high. 
































On the edge of Potomae Park just to the southeast of Wash 
ington Monument is the Bureau of Engraving and Printing wher 














paper money, government bonds, postage and revenue stamps.et¢ 
are printed. Here one may see every operation in the making 
of paper money with the exception of the actual engraving | 
the plates. 














The government printing office in which are printed the Con 
gressional Reeords and other publications from type is in anot}i 
quarter of the city on North Capitol Street. 

South of the Capitol at the point where the Anacostia Rive! 
flows into the Potomac are the Washington barracks and the 
United States War College. About one mile up the Anacosti: 
River is the United States Navy Yard where guns are made for 
warships. 





























Here may be seen Long Tom, a 42 pound east-iron gu: 
the 1786 vintage. Here too one may see big guns and litt 

















guns; ancient guns and modern guns; guns from Tripoli and | 
giers; guns used in the Revolutionary War, the War of 1512 
Mexican, Civil and the World War. 

There are many buildings, both public and private, to wh 
attention should be given, but owing to limited space it is 
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le to even name them all. Nor is it possible to describe 


‘he magnificent interiors of these splendid buildings in which the 


ss of running the greatest nation in the world is carried on. 
sut mention should be made of the wonderful edueational! 
ties afforded in this great city. Probably no other city in 


‘he world has such wonderful facilities for carrying on research 


in all subjects known to man as has the City of Washing- 
One of the most notable of these organizations is the Bureau 
Standards. Men of scientific minds and training will marvel 


ot the amount of research which is being carried on both at the 


sureau of Standards under the direction of Dr. George K. Bur 
vess and at the National Academy of Sciences which organiza- 
tion was made possible by an endowment of $5,000,000 by the 
Carnegie Corporation in 1919. Its primary purpose is to pro- 
te the progress of science and research for the welfare of this 
vyeat nation and of the world. 
Perhaps it would be of interest to know that there are over 
sixty different bureaus in the government dealing with the sub 
ect of business. The work of the organizations pertaining to 
the interrelation of industries such as automebile, fisheries, radio, 
viation textiles, insurance, iron, steel, coal, ete. is interesting and 
nstructive. 
The tremendous amount of detail work performed in connec 
tion with the government of this country staggers the imagina- 


tion. It is beyond individual comprehension. 


It is here in this city of cities that the sectional meeting of 
the American Society for Steel Treating will be held on Jan 


lary 9()-2] : 


NEW A. S. S. T. GROUP 


( N Monday, October 25, a new group of the A. 8. S. T. was 

organized at Binghamton, N. Y. It is known as the Southern 

‘ier Group and it includes members from the territory surrounding 

the towns of Binghamton, Cortland, Endicott, Elmira, N. Y.,Athens 

and Seranton, Pa. The term ‘‘Southern Tier’’ is a colloquialism 

hich in New York and Pennsylvania is used to designate the 
towns which he along the border of the two states. 

A dinner was held at the Arlington Hotel, Binghamton, at 

lich there were 42 present. This group enjoyed a fine dinner 

d then proceeded to perfect a temporary organization as fol- 
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lows: Chairman, James Sturrock, Jr., Ingersoll Rand Co., 
Pa.; Vice-chairman, B. M. Stannard, Brewer Titchener r 
Binghamton, N. Y.; Secretary, Walter H. Ogden, 11 Rotary Ay, 
singhamton, N. Y.; Treasurer, H. G. Kent, Binghamton 
Heat and Power Co., Binghamton, N. Y.; Executive Com 
John Le Valley, Ingersoll Rand Co., Painted Post, N. Y.; \{. p 
Ferguson, Eclipse Machine Co., Elmira, N. Y.; R. B. Baker, Enq 
eott Forging & Manufacturing Co., Endicott, N. Y.; Chas. Ka 
A. & J. Manufacturing Co., Binghamton, N. Y.; Dan Cook, Maj 
dole Hammer Co., Norwich, N. Y.; F. W. Taft, Security Mutu 
Bldg., Binghamton, N. Y.; and Miles O. Snyder, Willys Morro, 
Co., Elmira, N. Y. 

During the course of the evening the formal charter was pr, 
sented to the organization and the members nominated as ten 
porary officers were made permanent for one year. 

Following the organization session George A. Richardson | 
the Bethlehem Steel Company showed films on the ‘‘ Making and 
Processing of Steel’’. Mr. Richardson supplemented his movin: 
pictures with an interesting descriptive explanation which lea 
to a lively disuession. 

The next meeting of the Southern Tier will be held at Elmira 
early in December. It is the idea to rotate the meetings of the 
eroup from city to city, thereby reducing distance to a minimun 
and serving the membership to the greatest advantage. 

The men who compose this group are most enthusiastic ani 
interested. Though separated by considerable distances they pos 
sess the spirit that wins and assures success. The entire member 
ship of the A. S. S. T. welcomes the Southern Tier Group an 
wishes it well. 






























Oe 








HIS issue of TRANSACTIONS completes Volume X_ whic! 

eovers the period from July, 1926, through December, 1°26 
Volume XI will include the period from January, 1927, throug! 
June, 1927. The index for Volume X is now ready and ma) 
secured upon request. 

Those desiring to have their loose copies of Volume X bound 
in accordance with the style used in binding Volumes I-IX in 
clusive, may do so by forwarding them to the executive offices 
the Society, 4600 Prospect Avenue, Cleveland, together with $2.1) 
and they will be bound and returned promptly. 
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THE IRON-MOLYBDENUM SYSTEM 
By W. P. SYKES 
Abstract 


This paper describes the carbon free alloys of won 
and molybdenum and includes the equilibrium diagram 
of this system as determined from fusion temperatures, 
heat treatments and a study of the accompanying micro- 
structures. 

Notable features of the system include a eutectic at 
16 per cent molybdenum melting at 2625 degrees Fahr. 
(1440 degrees Cent.), a glass-hard inter-metallic com- 
pound, Fe,Mo, at 53.4 per cent molybdenum, and ap- 
preciable solid solubility increasing with rise im tempera- 
ture, at either end of the system. 

The temperature-solubility relations make possible the 
development of a secondary hardness by aging a super- 
saturated solid solution at 1112 to 1292 degrees Fahr. 
(600 to 700 degrees Cent.). This hardness is equal to 
that of high speed steel and persists at temperatures con- 
siderably higher. 

The critical point Ar, is lowered from 2550 to 2245 


degrees Fahr. (1400 to 1230 degrees Cent.) and Ar, 1s 
raised to 1795 degrees Fahr. (980 degrees Cent.) by the 
addition of 3 per cent of molybdenum to pure tron. 

With a molybdenum content greater than 3% or 4 
per cent the iron exists in the body-centered crystal lat- 
tice at all temperatures below the melting point. 


*XPLORATORY work in the field of carbon-free iron alloys 

4 revealed certain features in the alloys of iron and molybdenum 
which warranted a more complete investigation of this system. 

Appreciable solubility in the solid at either end of the series, 

a minimum fusion temperature suggestive of a eutectic, and the 

class hardness of the alloys near the central portion of the compo- 

sition range were among the first recognized features of the system. 


MATERIALS 


Both the iron and molybdenum metals used in the preparation 
of the alloys were in powder form. For alloys containing more 
than 20 per cent of iron the metal powders were mixed directly. 


A paper presented before the eighth annual convention of the Society, 
d in Chicago, September 20 to 24, 1926. The author, W. P. Sykes, is 
tallurgical engineer, Cleveland Wire Works, Incandescent Lamp Depart- 
nt, General Electric Company, Cleveland. 
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In forming the alloys richer in molybdenum than 80 per cen 
oxides of iron and molybdenum were mixed and reduced ti 
in order to bring about uniform distribution of the iron. 

The iron was obtained by hydrogen reduction of ignit, 
alate, previously precipitated from a solution of ferrous sul) 
This iron powder contained from 0.1 to 0.2 per cent iron oxic: 
less than 0.005 per cent carbon. The molybdenum metal po 
likewise hydrogen-reduced, was of the grade used in the ma 
ture of small wire for lamp filament supports and _ thin-rolled 
sheets. This material is about 99.8 per cent pure molybd: 
and contains no carbon. 





After mixing by tumbling, the metal powders, in the d: 
proportions, were formed under pressure of some 20 tons 
square inch, into rods 14.” x 1%” x 10”. 

To form the alloys without contamination, sections 01 
pressed rods were placed on alundum slabs and heated in an aliu 
dum tube wound with a tungsten resistor and packed in heat in 
sulating material. While the resistor was heated, a stream 
hydrogen was continually passed through the tube as well as 
through the case containing it, thus protecting from oxidatio. 
both the winding and the material within the tube. 

This type of furnace is used commercially in the process o! 
working tungsten and molybdenum. It will operate at a tempera 
ture of 2730 to 2910 degrees Fahr. (1500 to 1600 degrees Cent. 
for several days and for shorter periods at temperatures as high 
as 3272 degrees Fahr. (1800 degrees Cent.). Above the latte 
temperature the alundum tube softens rapidly and collapses. 

In this furnace complete fusions were made of iron moly) 
denum alloys containing up to 60 per cent molybdenum. To com 
pletely fuse an alloy richer in molybdenum than 60 per cent, it 
was necessary to heat the rod by passing current through it, the 
rod being mounted between water-cooled contacts and protected 
from oxidation by a hydrogen atmosphere. 


TEMPERATURE DETERMINATIONS 

The greater part of the temperature measurements above 25.) 
degrees Fahr. (1400 degrees Cent.) were taken with an optica! 
pyrometer, supplemented by a rare metal couple with potenti 
meter and galvanometer in certain ranges where greatest accurac) 
was desirable. 
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The block of pressed metal to be fused was first heated for 
ral hours at about 2550 degrees Fahr. (1400 degrees Cent.) 





he reducing atmosphere of the furnace deseribed above. This 





ration insured thorough diffusion and consequently prevented 





subnormal or local fusion, especially in the molybdenum-rich 





mpositions. After this period of heating the alloy as yet un 





fiised was placed on a section of alundum tube; over this was set 





alundum hood with an opening towards the observer through 





ich the telescope of the pyrometer could be focused on the inside 
vall of the hood and just behind and above the specimen. 
Beginning at about 2550 degrees Fahr. (1400 degrees Cent.) 







temperature was increased at the rate of approximately 
| degree Cent. per minute. The first liquid formed appears in 
sharply defined black spots on the surface, or more often black 
nes at the edges of the block of metal. This dark area is pre- 
sumably the reflection of the relatively dark open end of the 
furnace tube. Several such determinations of the melting point of 







nure iron were in agreement within + 3 degrees Cent. The fusion 





temperature of pure nickel under like conditions was also noted. 

In the case of alloys the first appearance of fusion was consid. 
ered to mark the solidus temperature for that composition under 
observation. The liquidus, or temperature of complete fusion was 
less definitely marked. However, by raising the temperature 
through the fusion range at a rate as low as 10 degrees Cent. per 
hour and noting the point at which the surface of the melt be- 
came completely convex the liquidus temperature could be dupli 
cated for a given composition to within = 6 degrees Cent. These 









observations were supplemented by microscopic examinations of 
the specimens, in which any unfused material could be identified. 







EQUILIBRIUM DIAGRAM 












The equilibrium diagram of the system iron-molybdenum as 
constructed from temperature determinations and microscopic ex- 
amination of alloys of the system is shown in Fig. 1. 

With the addition of molybdenum the melting point is 
progressively lowered from 2740 degrees Fahr. (1532 degrees Cent.), 
that of pure iron, to 2625 degrees Fahr. (1440 degrees Cent.), the 
melting point of the eutectic of the composition 64 per cent iron 
and 36 per cent molybdenum, indicated at C in the diagram. At 
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1440 degrees Cent. iron will hold in solid solution about 24 p 
of molybdenum. 












Iron-molybdenum alloys, containing 24 per cent or 
molybdenum when quenched from the solidus temperatw 
present under the microscope but a single phase, the large po}, 
hedral grains of the solid solution, Fig. 2. The range in corpogi. 
tion from pure iron to 3 per cent molybdenum, because of certain 
special features, will be described later in detail. 

When an alloy of iron and 24 per cent or less of molybdenyy 


is cooled from near the solidus to room temperature at a moderat, 





Abeve 1540°C. Fe, Mo, 
Decomposes 







Liguid + Solid Solution 
Fe inMo 






+ Excess Solid | 
Selution 1 Com 
. — 7 
0 














69.9 639 92 (00 


Fig. 1—Equilibrium Diagram of the Iron-Molybdenum 
System. 
















rate, a second phase appears. This is not attacked by the etching 
solution, 10 per cent nitric acid in alcohol, and is first observed as 
an intergranular network. With less rapid cooling rates this pre 
cipitate develops within the grains first as a shower of small 
globules, Fig. 3. Upon still slower cooling, the precipitate tends to 
assume a needle-like form somewhat crystalline in appearance 
Fig. 4. 

This second phase seems to be the compound Fe,Mo, contain 
ing 53.42 per cent of molybdenum by weight, which is found to | 
the sole constituent of an alloy of that composition formed by pro 
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‘ Figs. 2 to 7—Photomicrographs of Alloys of Iron and Molybdenum. Fig. 2—Mo 22%, 

contain Fe 78% Water Quenched from 1425° C. Fig. 3—Mo 22%, Fe 78% Cooled in 30 Seconds 

from 1425° ©, to Room Temperature. 500x. Fig. 4—Mo 22%, Fe 78% Cooled in 1 Hour 

nd to hi , m 1425° C. to Room Temperature. 250x. Fig. 5—Mo 30%, Fe 70% Eutectic Plus Solid 

Solution of Mo in Fe. Fused and Water Quenched from 1435° O, 200x. Fig. 6—Eutectic. 

by pro Mo 35%, Fe 65% Fused, Cooled in 5 Minutes from 1475° C. to 1430° ©. and Water 
Quenched. 800x. Fig. 7—Eutectic. Mo 35%, Fe 65% Fused and Cooled to Room Tem- j 


perature in 30 Minutes. 100x. 
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longed heating at 2640 to 2730 degrees Fahr. (1450 to 1500 . 
Cent.) It is given the name iron molybdide in view of the 
compound Fe,W, which is known as iron tungstide. 

The line BG in Fig. 1 represents the solid solubility of 
denum in iron at temperatures between 750 and 2625 degrees 
(400 and 1440 degrees Cent.) This line was located by 
scopic examination of a series of alloys water-quenched afte: 
ing for periods of 5 hours or longer at temperatures between 4() 
and 1425 degrees Cent. 



































Any precipitation of the compound brought about by heating 
a quenched alloy at 930 or 1110 degrees Fahr. (500 or 600 d 
Cent.) can be easily detected by the rapid darkening of th 
ished surface by the etching reagent. While diffusion in the solid 
state must of necessity be very slow at the lower temperatures, » 
signs of precipitation could be noted in an alloy containing 6 
cent molybdenum after holding for 50 hours at 1110 degrees Fahy 
(600 degrees Cent.). This same treatment, however, developed a 
precipitate in a 7 per cent molybdenum alloy. 
































As the molybdenum content increases above 24 per cent thi 
eutectic appears in correspondingly greater quantities. This eu 
tectic is seemingly made up of the compound Fe,Mo, and thi 
saturated solid solution of molybdenum in iron. In alloys quenched 
from just below the 2625 degrees Fahr. (1440 degrees Cent.) it 
exists as an extremely fine network, Fig. 5 and 6. Slower coo! 
ing produces a distinctly lamellar structure in which the alter 
nating plates of compound and solid solution can be readily iden 
tified, Figs. 7 and 8. 
































As the molybdenum content rises above 35 per cent massive 
areas of the compound share the field with eutectic Figs. 9 and 10) 
The alloy containing 53 per cent molybdenum, after heating at 264(: 
to 2730 degrees Fahr. (1450 to 1500 degrees Cent.) for 5 hours or 
longer appears to consist of but one phase. Presumably this is tl 
compound Fe,Mo,, in which the exact percentage of molybdenum 
is 53.42. <An alloy of this composition is decidedly porous, di 
seemingly to a volume shrinkage accompanying the formation 
Fe,Mo, in the solid. This composition is the first in the series to 
show no attraetion for a compass needle, thus indicating the absenc 
of any free iron. 


The most satisfactory etching reagent found thus far for thie 
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the iron-rich liquidus follows the line FK in composition. 
nid phase is a solid solution of iron in molybdenum which at 2800 
(1540 deerees Cent.) 
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ound is a 30 per cent solution of sulphurie acid to which has 
added 5 per cent of concentrated nitric acid. This reagent 
lops the faint and irregular lines noticeable in the micrograph 
‘iv, 11, which are characteristic of this phase wherever present. 
The compound, in alloys within the range 50 to 90 per cent 
vybdenum, when heated above a temperature of about 2800 de- 
es Fahr. (1540 degrees Cent.) begins to fuse. In reality a 
omposition sets in at this temperature, indicated by the line 
‘LD in the diagram, resulting in two new phases. One phase, 
The sec- 
ahr. eontains about 11 per cent 


1ao rees 





iron. 
A specimen consisting wholly of the completely formed com- 
sind, when heated for 10 minutes just above the decomposition 
nperature and quenched in water, suggests from its microstruc 
re the mechanism of this decomposition. In such a section, Fig. 
12. can be noted the large white areas of the original compound. 
During the process of decomposition these areas must gradually 
transform into the molybdenum-rich solid solution surrounded by 
the liquidus iron-rich phase. In the photomicrograph under con- 
sideration the molybdenum-rich solid solution would seem to ap- 
pear both as a erust surrounding the original compound and also 
is small islands quite detached from these larger masses of solid 
ympound. The areas occupied by the iron-rich liquidus have been 
‘completely dissolved in the etching operation, necessarily severe in 
rder to develop the outlines of decomposing material. 

A light etch will develop in the iron-rich areas the structure 
f the iron-molybdenum eutectic as shown in Fig. 13. A certain 
mount of this eutectic will form from the iron-rich liquidus in 
‘ooling as the composition changes along the line KFC. The quan- 
‘ity of such residual eutectic will depend upon the available supply 
f iron, and this in turn upon the speed at which the alloy has been 
ooled through the temperature range in which the compound 
rapidly forms from the solid and liquid phases. 

If such a partially decomposed alloy be allowed to cool from 
840 to 1830 degrees Fahr. (1560 to 1000 degrees Cent.) in 30 
ninutes the reaction will have proceeded so far as to almost com- 
pletely reform the compound, Fig. 14. The specimen in this con 
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Figs. 8 to 13—Photomicrographs of Alloys of Iron and Molybdenum. Fig. 8—Eute 
Mo 35%, Fe 65%, Cooled from the Melt to Room Temperature in 30 Minutes. 20! 
Fig. 9—Eutectic Plus Compound Fe,;Mosg, Mo 45%, Fe 55% Cooled in 1 Hour from 1600° § 
to Room Temperature. 200x. Fig. 10—Compound FesMog Plus Small Amount of Eutect 
Mo 51%, Fe 49%. 200x. Fig. 11—Compound FesMoe. Mo 53%, Fe 47% Formed 
Heating 6 Hours at 1450° C. to 1500° C. Dark Areas ‘are Shrinkage Cavities. Etched 
Mixture of Sulphuric and Nitric Acids. 200x. Fig. 12—Mo 53%, Fe 47%. First Stag 
of Decomposition of FesMose, After Heating Compound 10 Minutes at 1550-1560° C. Wat 
Quenched. Heavy Etch. 300x. Fig. 183—Mo 53%, Fe 47%. Completely Fused, Cool 
from 1650 to 1200° ©. in 2 Minutes and Quenched. Light Etch. 300x. 
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n does not affect the magnetic needle, while after quenching 

. 2840 degrees Fahr. (1560 degrees Cent.) the needle is strong- 

ttracted. Any alloy in the range between 54 and 89 per cent of 

vybdenum as quenched from just under 2800 degrees Fahr. (1540 

es Cent.) exhibits in microstructure, a conglomerate made up 
areas of Fe,Mo, and areas of molybdenum-rich solid solution, 
‘ies, 15 and 16. 
If the alloy has not been heated above 2800 degrees Fahr. 
1540 degrees Cent.) about 11 per cent of iron, and when quenched 
scattered more or less uniformly throughout the matrix of solid 
solution. Upon heating at a temperature weit “hove 2800 degrees 
Kahr. (1540 degrees Cent.), say at 2910 degrees Fahr. (1600 de 
erees Cent.), the liquidus phase resulting from the breaking up 
of the compound will tend to surround the grains or areas of solid 
solution, Figs. 17 and 18. 

Molybdenum will hold in solid solution at 2800 degrees Fahr. 
1540 degrees Cent.) about 11 per cent of iron, and when quenched 
from this temperature alloys containing less than this amount of 
iron will show the single phase of solid solution, Fig. 19. 

The solubility of iron in molybdenum decreases as the tempera 
ture is lowered until at room temperature only about 5 per cent is 
retained in solution. This is represented by the line DE in the 
equilibrium diagram. Upon slow cooling a molybdenum-rich solid 
solution from 2730 degrees Fahr. (1500 degrees Cent.) the excess 
iron is precipitated in the form of globules of Fe,Mo, as shown in 
ig. 20. The particles of precipitated compound tend to assume an 
‘ongated or fingerlike outline when the alloy has been slowly cooled 
trom above 2800 degrees Fahr. (1540 degrees Cent.) and especially 
in alloys containing considerable excess iron, as illustrated by 
igs. 17B, 21, and 22. 

That this elongated form of precipitate is characteristic of 
igh temperature is illustrated in Fig. 26B. 


At 3180 degrees Fahr. (1750 degrees Cent.) the compound 

i this alloy had been largely decomposed, but during the slow cool- 

ing to 2640 degrees Fahr. (1450 degrees Cent.) has formed again 

ilmost completely, while between 2800 and 2640 degrees Fahr 

1540 and 1450 degrees Cent.) the quenching temperature, a well 

developed precipitate has formed in the areas of molybdenum-rich: 
solid solution along the line DE. 
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Figs. 14 to 18—Photomicrographs of Alloys of Iron and Molybdenum. 
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Fe 47%. Compound Reformed After Partial Decomposition. 


and Cooled in 30 Minutes to 1000° C. 200x. 
from 1530° C. (1) Compound FegMos, (2) Solid Solution of Fe in Mo. 
Mo 87.5%, Fe 12.5%. Water Quenched from 1530° C. 
Fig. 17A—Mo 70%, Fe 30%. Heated at 1600° C. for 5 Minutes. 
Black Heat in About 5 Seconds. 500x. Fig. 17B—Mo 70%, 


for 5 Minutes. Cooled to Black Heat in About 30 Seconds. 
in 30 Minutes. Held at 1530° C. for 30 Mi: 


12%. Cooled from 1700° C. to 1580° C. 


and Water Quenched. 500x. 
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Fig. 14—Mo 
Heated 10 Minutes at 156( 
Fig. 15—Mo 82%, Fe 18%. Water Quer 
500x. Fig 
Aged 15 Hours at 775° C. ; 
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Heated at 160( 
Fig. 18—Mo 88%, 
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The pearlite-like appearance of this precipitate suggested at 
ce the likelihood of a eutectoid or eutectic in the molybdenum-rich 

end of the system. Cooling curves taken on alloys of 70, 80, and 

per cent molybdenum cooled from 2910 degrees Fahr. (1600 

vrees Cent.) show that a slight heat evolution occurs between 
2785 and 2730 degrees Fahr. (1530 and 1500 degrees Cent.) in the 
compositions of 70 and 80 per cent molybednum, but in the 90 per 
cent molybdenum alloy this is absent. It may be assumed that this 
heat evolution is the result of the reaction between the iron-rich 
iquid and the solid molybdenum-rich phases to reform the com- 
pound in cooling through the range from 1530 to 1500 degrees 
Cent., within which range the reaction would be most rapid. 

When the alloy contains only 10 per cent of iron there will 
be no excess compound present at temperatures above 2640 de- 
crees Fahr. (1450 degrees Cent.) none to decompose at 2800 de- 
erees Fahr. (1540 degrees Cent.) and hence no reaction upon 
cooling from above that temperature. With an iron content of 8 per 
cent no precipitate occurs until the alloy has cooled to about 2280 
degrees Fahr. (1250 degrees Cent.). Below this temperature the 
compound precipitates in very small particles. The appearance 
of the precipitate in slowly cooled alloys containing between 10 
and 5 per cent of iron is shown in Fig. 23. 

An alloy of molybdenum with an iron content below 10 per cent 
slowly heated to fusion by increasing the amperage through the 
bars of alloy previously formed at 2730 degrees Fahr. (1500 de- 
grees Cent.), will show large grains of molybdenum-rich solid solu- 
tion and intergranular films presumably of iron-rich material 
formed when the solidus temperature had been passed on heating. 

An interesting feature of microstructure found in these molyb- 
denum-rich alloys may be worthy of mention in passing. An alloy 
in which the excess compound has been to any extent decomposed 
above 2800 degrees Fahr. (1540 degrees Cent.), when water- 
quenched from say 2910 or 3000 degrees Fahr. (1600 to 1650 de- 
grees Cent.) will show around the edges of the solid solution grains 
a dark border, Fig. 24. With slightly less rapid cooling this border 
widens and develops a definite structure which at a high magnifi 
cation appears to be that of the normal Fe,Mo, precipitate im the 
slowly cooled molybdenum-rich solid solution. Figs. 25A and 25B. 
Still slower cooling results in a partial disappearance of the border 
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Figs. 19 to 24—Photomicrographs of Alloys cf Iron and Molybdenum. Fig: 
88.5%, Fe 11.5%. Water Quenched from 1530° C. 500x. Fig. 20—Mo 88.5%, Fe 11.5' 
Cooled in 5 Minutes from 1530° C. to Room Temperature. 1000x. Fig. 21—Mo 88.6 


Fe 11.5%. Cooled in 30 Minutes from 1650° C. to Room Temperature. 1000x. Fig. 22 
Mo 80%, Fe 20%. Cooled from 1600° C. to 1400° C. in 1 Hour and Quenched. 
Compound FesMoe, (2) Mo Rich Solid Solution -++ Precipitated Compound. 800x. Fig. 
Mo 94%, Fe 6%. Cooled from 1530° C. to Room Temperature in 1 Hour. 500x. Fig. | 
Mo 85%, Fe 15%. Heated at 1600° C. for 5 Minutes and Water Quenched. 500x. 
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upanying a general precipitation throughout the areas of 


| solution, fairly well shown in Fig. 26A. The darkened bordet 





also be eliminated by holding the alloy for say 30 minutes at 






emperature between 1830 and 2010 degrees Fahr. (1000 and 





1100 degrees Cent.) A subsequent quench results in a norma) 






slight and well distributed precipitate. A slow cooling gives the 






normal heavy precipitate throughout. After either of these treat 






ments the border zones are marked only by a somewhat more mas 






sive precipitate than exists generally throughout the solid solution 









areas. 


It would seem that the edge of the solid solution area must be 





extremely rich in iron when this precipitate forms in cooling 





through the temperature range between 2800 and 2730 degrees 
Kahr. (1540 and 1500 degrees Cent.) According to the diagram 
as drawn, the solid solution must be enriched in iron in cooling 
from 2910 to 2800 degrees Fahr. (1600 to 1540 degrees Cent.) This 
iron must be supplied by the liquidus material in contact with 








the solid solution. 

Assuming that under conditions of equilibrium the solid solu 
tion at 2910 degrees Fahr. (1600 degrees Cent.) contains 10 per 
cent iron, at 2800 degrees Fahr. (1540 degrees Cent.) 11 per cent 
iron and again at 2675 degrees Fahr. (1470 degrees Cent.) only 10 
per cent iron it seems reasonable to suppose that the arrested diffu- 
sion incident to rapid cooling would result in a zone of abnormally 
high iron content at the edge of the solid solution. In this zone, 
then, even with rapid cooling precipitation occurs, favored by the 
abnormally rich iron content and the relatively high temperature. 










CRITICAL POINTS 










Alloys containing 3 per cent or less of molybdenum undergo 














Y a marked grain refinement when quenched from above 2660 de- 
crees Fahr. (1460 degrees Cent.), Fig. 27, whereas those of higher 
: molybednum content show the large polygonal grains of regular 
ic outline whether quenched or slowly cooled from this temperature 
ee range. The structure shown in Fig. 2 is typical of the latter class 
| of alloys. 
—. To correlate this phenomenon of grain refinement with the 
wwe a, effeet of molybdenum on the critical points of pure iron a series 
Bs a of alloys was subjected to a thermal analysis. The specimens, in 





Fig. 24 


, 
be 
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Figs. 25A to 27—-Photomicrographs of Alloys of Iron and Molybdenum. Fig. 25A 
Mo 87.5%, Fe 12.5%. Cooled from 1750° C. to Room Temperature in 30 Seconds. 200x 
Fig. 25B—Mo 87.5%, Fe 12.5%. Cooled from 1750° C. to Room Temperature in 
Seconds. 1000x. Fig. 26A—Mo 85%, Fe 15%. Heated at 1600° ©. for 5 Minutes an 
Cooled to Room Temperature in About 80 Seconds. 500x. Fig. 26B—Mo 70%, Fe 30° 
Cooled from 1750° ©. to 1450° ©. in 1 Hour and Quenched. 200x. Fig. 26C—Mo 88.5‘ 
Fe 11.5%. Cooled from 1600% C. to Room Temperature in 30 Seconds, then Aged at 
1000° ©. for 1 Hour. 500x. Fig. 27—Mo 2%, Fe 98%. Water Quenched from 1450° © 
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he form of pressed blocks about 1” x 1” x 3”, each weighing about 
1) erams, after drilling for the insertion of the thermocouple, were 


heated at 2640 degrees Fahr. (1450 degrees Cent.) for 2 hours. 
The platinum-platinum rhodium couple, inclosed in a thin-walled 
silica tube was then inserted in the block and the furnace allowed 
to cool to a black heat. The temperature of the cooling specimen 


vas followed with a galvanometer and potentiometer, readings be- 


ine taken at intervals of 0.10 millivolts. 


In Fig. 28, are plotted the inverse rate cooling curves thus 


obtained for pure iron and for iron containing molybdenum from 


1 to 4 per cent. 
Additions of molybdenum to iron lower quite uniformly the 
temperature of the Ar, eritical point from 2550 to 2245 degrees 


Millivolts 


oOo 





vo» 
Ons" 


Fig. 28 


OP eso Deconds Elapsed 






Inverse Rate Cooling Curves. 


ahr. (1400 to 1230 degrees Cent.) in the alloy containing 3 per 
cent by weight of molybdenum. The Ar, is raised from 1640 to 
1795 degrees Fahr. (895 to 980 degrees Cent.) by 3 per cent of 
molybdenum. The heat evolutions become less and less pronounced 
and in the 4 per cent alloy are not detectable with the equipment 
used in obtaining these data. No change was observed in the position 
of the Ar, point, and it persists in a 20 per cent molybdenum 
alloy, though with diminished intensity. 

In the equilibrium diagram, Fig. 1, the line MHN is drawn 
through the positions of the Ar, and Ar, points as indicated dur- 
ing cooling. The broken portion of the line represents the loca- 
tion of these points and their probable merging in the composition 
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range where they are too weak for detection. 

Investigators have determined by means of the X-ra 
atomic structure of iron in its three allotropic forms. Beloy 
degrees Fahr. (900 degrees Cent.) alpha or body-centered . 
iron is the stable form. Between 1650 and 2550 degrees } ah; 
(900 and 1400 degrees Cent.) iron exists in the gamma state 
ing a face-centered cubic lattice. Above 2550 degrees Fahr. | 14() 
degrees Cent.) a body-centered cubic form is again the stable | 
and this phase is known as delta iron. 

The thermal point Ar, marks the change from gamma { 
alpha, and the point Ar, from delta to gamma iron. 

It would appear from the foregoing that the addition of 
molybdenum to iron tends to prevent the change in form from 
alpha to gamma, or from delta to gamma in heating through Ar 
or cooling through Ar, respectively. In other words additions ot 
molybdenum to iron progressively restrict the range in which 
gamma iron is stable, until with a molybdenum content of 4 
or 414 per cent the body-centered form prevails exclusively at 
any temperature below the solidus. 

Certain other elements have been found to affect the gamm: 
iron range in a manner similar to molybdenum. 

In the iron-silicon system, Oberhofer' initially reported that 
with more than 5 per cent silicon no face-centered iron was present. 
As a result of a more recent investigation of this system by Giani, 
Reinecken and Wever?, this figure has been lowered to about 1.8 
per cent silicon. The last named investigators report that 2 per 
cent tin marks the end of the gamma iron range in the iron-tin 
system. 

From the cooling curves of low carbon vanadium steels pul 
lished by Maurer*, it would seem that the changes delta to gamma 
and gamma to alpha are absent when the vanadium content ex 
eeeds about 2.5 per cent. According to Bain‘ about 14 per cent 
chromium is required to eliminate the gamma range in alloys o! 
iron and chromium. 


The present writer has reported that in iron-tungsten alloys 


Zur Kenntnis der Eisen-Silizium-Legierungen; P. Oberhoffer; Stahl und Eisen, Aug 
1924. 


2Zur Allotropie des Eisens; Franz Wever, Stahl und Eisen, July, 1925. 
- %%ur Kenntnis der Vanadirstiihle; E. Maurer, Stahl und Eisen, September, 1925. 


*The Nature of the Alloys of Iron and Chromium; E. C. Bain, Transactions, America! 
Society for Steel Treating, January, 1926. 
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-ontaining more than 6 per cent tungsten only the body-centered 
vie lattice is present at any temperature below the solidus.° 
The grain refinement brought about by quenching from above 
2550 degrees Fahr. (1400 degrees Cent.) alloys containing up to 
per cent molybdenum results in a eonsiderable increase in 
hardness. This hardening reaches a maximum with a molybdenum 


content of about 3 per cent. Fig. 29. 
















HARDNESS MEASUREMENTS 






The alloys of the iron-molybdenum system display a contin- 
yous rise in Brinell and Rockwell hardness as the molybdenum 


eontent is increased up to about 40 per cent. Compositions in the 






















Brinell Hardness 







Percent 0 
Mo 


Fig. 29—Curves Showing Brinell Hardness 
of Iron-Molybdenum Alloys. (1) Cooled from 
1475° C. to 500° C. in 1 Hour. (2) Water i 
Quenched from 1475° C, | 














range between 40 and 85 per cent molybdenum, while sufficiently 
hard to seratch glass are somewhat porous and brittle and hence 
are unsuitable for Brinell or Rockwell hardness determination. 
Iron is very effective in raising the hardness of molybdenum. 
\s little as 3 per cent of iron by weight when dissolved in molyb- 
denum inereases the Brinell hardness number from 125 to 281, 
and the Rockwell hardness from C 5 to C 37, while the alloy con- 
taining 1514 per cent iron as quenched from 2775 degrees Fahr. 
1525 degrees Cent.) has a Brinell of 490 and Rockwell of C 58. 
The hardness considered thus far is that shown by the alloys 


°The Iron Tungsten System; W. P. Sykes, Transactions, American Institute of Mining 
nd Metallurgical Engineers, February, 1926. 
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as either quenched from a temperature just under the liq 
furnace cooled in about 1 hour from such a temperature. . 
in the range between 0 and 4 per cent molybdenum slow | oli), 
results in a somewhat higher hardness than quenching, du: ¢] 
abundant precipitate of hard Fe,Mo.. 

In Table I are listed the hardness numbers of such 
alloys in the system which could be successfully subjected 
Rockwell and Brinell method of test. 

The Rockwell hardness of figures are plotted against 
sition in Fig. 30. 


t Noss 


HARDNESS INCREASE PRODUCED By AGING 


Alloys of this system made up wholly or in part of the so! 
solutions of molybdenum in iron or iron in molybdenum ean be hea 
treated in such a way as to change very materially certain of th 
physical properties. 

If an alloy of 20 per cent molybednum in iron be r 
cooled from 2595 degrees Fahr. (1425 degrees Cent.) to 









- of Composition too Brittle 
for Rockwell Measurement 
_ but scratch Glass Easily 





> 


Rockwell Hardness “C” 











PV | a | | 0 100 
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Fig. 30—Curves Showing Primary and Secondary Hardness 
(Rockwell ‘“‘C’’) of Iron-Molybdenum Alloys. Hardness (1) As 
Quenched from 1425° C. (2) and Aged 20 Hours at 625° C. 
(3) As Quenched from 1525° C. (4) and Aged 20 Hours at 
Tre 6 C 




































temperature it will consist entirely of a solid solution of moly' 
denum in iron supersaturated with respect to molybdenum, since 
under equilibrium conditions only about 6 per cent of molybdenin 
will be held in solution at room temperature. If now this alloy as 
quenched, be heated or aged for successive periods of time at some 
temperature between 1110 and 1290 degrees Fahr. (600 and 700 de- 
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- Cert.) its hardness will gradually increase, attain a maximum 





it last with prolonged heating slowly decrease. 
i‘) the iron-rich alloys the secondary hardness begins to de- 






at an aging as low as 930 degrees Fahr. (500 degrees Cent.) 
vh very slowly. At 1020 degrees Fahr. (550 degrees Cent.) 
hardness approaches its maximum only after aging for 250 








Table I 
Brinell and Rockwell Hardness of Iron-Molybdenum Alloys 

As Quenched 1425°C, After Aging 20 hrs, at 625°C. 
Brinell Roekwell §*C”’ Brinell Rockwell £*C’”’ 







yosition 












PO. xk eens 60 










13% Mo. .... 100 
5% Mo. .... 110 
10% Mo. .... 146 7 218 25 
15% Mo. .... 73 10 240) 25 
0% Mo. .... 200 23 37 51 
3% Mo. ...+: 225 26 530 59 
25% Mo. .... 233 35 545 63 
;0% Mo. .... 272 40) 620 G5 
1% Mo. .... Too brittle 49 Too brittle a4 
10% Mo. Too brittle 53 Too brittle 54 





As Quenched 1525°C, After Aging 20 hrs. : 


MO. ous seuss 125 5 










+1144% Iron .. 235 23 

% Iron .. 281 37 
7 YTron.. 349 47 44() ol 
10 %TIron.. 375 49 520 57 
114%4% Iron .. 412 53 550 63 
124%4% Iron .. 464 55 585 64 
154%4% Iron .. 490 58 640 66 
oz eracks 54 





20 &% Iron 


eracks 





hours. At 1155 degrees Fahr. (625 degrees Cent.) the maximum 
hardness is attained in about 10 hours, and a slight decrease in 
As the tempera- 







hardness is noticeable after 30 or 40 hours aging. 
ture of aging is raised the hardness increase occurs more rapidly, 





uit the maximum value is always less than that developed by aging 
it a lower temperature, and softening progresses likewise at a more 





rapid rate. 

Table II and Figs. 31 and 32 show the relations between the 
temperature and times of aging and the secondary hardness de- 
eloped in alloys of 20 and 25 per cent molybdenum in iron. 

Alloys in the molybdenum-rich end of the series likewise de- 
velop a secondary hardness. To attain their greatest hardness 
these alloys must be drastically quenched from about 2775 degrees 
Fahr. (1525 degrees Cent.) and aged at a temperature about 100 
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degrees Cent. higher than that used for the iron-rich alloys. ‘| 
increase in hardness brought about by aging is less in the },}; 
group of alloys than in the iron-rich series, though the highest 








‘tol «=620—CtCi«Otiti(‘i«‘t (iCOTCiC‘ 
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Fig. 31—Curves Showing Rockwell Hardness “C’’ Tests. 
Iron 75%, Molybdenum 25%. Quenched from 1425° C. and 
Aged at (1)—550° C. (2)—625° C. (3)—700° C. (4) 
775° C. 


(40 



















ness developed in either group is between C 66 and C 67, which is 
attained by the alloy of 1514 per cent iron in molybdenum. 

Both primary and secondary hardness of alloys in both ends 
of the system are plotted in Fig. 30 primarily to show the relation 
between composition and hardness. 


MICROSTRUCTURE AS AFFECTED BY AGING 





Certain interesting features in the microstructure of the alloys 
develop during the aging operation. As noted before, the structure 
of a 22 per cent molybdenum alloy as quenched consists of tlie 
coarse-grained solid solution shown in Fig. 2. Prolonged etching 
in the nitric acid and alcohol reagent reveals only the grain 
boundaries. 

After 5 hours heating at 1020 degrees Fahr. (550 degrees 
Cent.) the hardness has increased from C 25 to C 30. After this 
treatment, etching develops within the solid solution darkened 
lines, apparently of two types, as shown in Fig. 33, one type com 
prises fine lines of a somewhat wavy appearance, suggestive o! 
strain lines. The lines of the second type are long, straight and 
well marked and resemble twinning lines. 
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he result of strains set up in the metal in the previous quench 
operation, or perhaps in polishing. 
Murther aging of the alloy results in a microstructure which 


hes rapidly and shows a section uniformly darkened, and 






Rockwell Hardness °C" 





















mio 65 ClO MOS OD 

Fig. 32—Curves Showing Rockwell Hardness ‘“‘C’’ Tests. 
Iron 80%, Molybdenum 20%. Quenched from 1425° C. and 
Aged at (1)—775° C. (2)—950° C., 







marked only by the grain boundaries which sometimes inclose nar- 
row bands of the unetched compound presumably left undissolved 
at the temperature of quench. Fig. 34 shows such a section, and 
is representative of the structure found in the alloy in its condition 
of greatest hardness. 

By prolonging the time at 1155 degrees Fahr. (625 degrees 











Iron + 25% Molybdenum— Water Quenched 1425°C, 
Temperature of Aging Versus Hardness 
Time of Aging Versus Hardness (Rockwell ‘‘C’’) 




















Hours At 550°C 625°C 700°C 775°C 

> wie Se 238 C 37 C 40 C 61 

] jena. ae 238 40 C 45 61 

3 .... © 33 Brinell 240 C 56 C 60 60 

5 .... C36 Brinell 248 63 62 60 

10 .... © 36 Brinell 248 63 63 58 

20 .... © 39 Brinell 290 62 62 58 

30. .... © 41 Brinell 302 62 56 

50 ..-- C 44 Brinell 316 62 61 56 
100 ~=.... C52 Brinell 465 61 60 
150 .... ©61  Brinell 508 - - 

200 .... C63 Brinell 545 Ks 
250 .... C 64 Brinell 580 i“ “s 
Hardness as Water Quenched from 1425°C C 33 






Hardness as Cooled in 1 hour from 1425°C C 36 
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decreased somewhat below the maximum a well develope: 
cipitate appears in the etched section. 

In Fig. 35 is shown the structure of an alloy containi) » » 
per cent molybdenum which has been aged at 1560 degrees || 
(850 degrees Cent.) for 20 hours. The maximum hardnes: (Jp 










Table ITI 
Molybdenum 15.5% Iron-Water Quenched from 1525°C 
Time of Aging Versus Hardness (Rockwell ‘‘C’’) 
Temperature of Aging Versus Hardness 


Hours At 700°C 775°C 900°C 

ee Oren ai i C 59 

1 ¥ C 56 C 60 60 

3 58 62 60 

D pn bew nd wae snein) 08 63 60 

MP we eben eo nwaserens 60 65 58 

20 62 65 55 
30 63 65 
SP bw eer en eres iwes 65 65 

Pe «(heehee ewe ea ees 66 
ee = amabersers mebnsien 67 es 
Hardness as Water Quenched from 1525°C C 56 


veloped at this aging temperature was C 50 after aging 1/4 hour. 
After 20 hours the hardness had dropped to C 39 and the pre 
cipitate is concentrated at the grain boundaries and along the lines 
of the second type previously noted in the early stages of aging 
and shown in Fig. 33. 

If an alloy in the quenched condition be deformed locally, 
as with the Rockwell diamond cone, and then aged for a short tim 
at about 1110 degrees Fahr. (600 degrees Cent.) the solid solution 
immediately surrounding the impression becomes dark upon etch 
ing while the remainder of the field is not discolored. This would 
indicate that deformation favors the precipitation from solid solu- 
tion. 

By aging a quenched alloy at 1830 degrees Fahr. (1000 degrees 
Cent.) for some hours the precipitate appears as particles easily 
resolved at a magnification of 500 diameters, Fig. 36. This alloy 
of 20 per cent molybdenum in the quenched condition showed a 
Brinell hardness of 200. During the aging at 1830 degrees Falr. 
(1000 degrees Cent.) the hardness rapidly passes through its 
maximum value and after three hours the Brinell number is 245 

The photomicrographs in Figs. 37A and 37B illustrate thi 
effects of aging in the molybdenum-rich alloys. In their hardes' 
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y , 7 4 y 
Figs. 33 to 37B—Photomicrographs of Alloys of Iron and Molybdenum. Fig. | 
Fe 78%. Quenched from 1425° C. Aged 5 Hours at 550° a" so 4s : 
, Fe 789 . Quenched from 1425° C. Aged 60 Hours at 600 5 os preg 44 
Fe 78%. Quenched from 1425° C. Aged 20 Hours at 850 a oo vn a 
o, Fe 78%. Quenched from 1425° C. Aged 3 Hours at 1000 ie as eee 
5%, Fe 12.5%. Quenched from 1530° C. Aged 15 Hours at 775 ; ‘ 


itchi >CeSSé re Shaded Areas 
sitions of Excess Fe;Mo, Removed by Heavy Etching Necessary to Develop 8 d / 


‘j 7 J " 2.5%. hed 
Molybdenum Rich Solid Solution. 500x. Fig. 37B—Mo 87.5%, Fe 12.5% Quenchec 


rom 1530° ©. Aged 50 Hours at 775° ©. 1000x. 
















852 TRANSACTIONS OF THE A. 8. 8. T. 





state, a heavy etch produces a mottled appearance in the ; 
molybdenum-rich solid solution. Over-aging results in the 
of the precipitated particles and the granular appearance 
Fig. 37B. The alloy in the latter case has passed through it 
of greatest hardness C 64 and in the condition shown Ro 
C 62. 

The molybdenum-rich alloys in the quenched condition ey); 
a ‘‘erackling’’ sound when deformed under the Rockwell diaijond. 

Fig. 37C illustrates the results of such deformation. ‘) 
photomicrograph was taken near the diamond impression 






















Fig. 37C—Photomicrograph of Alloy of Iron 
and Molybdenum. Mo 87.5%, Fe 12.5%. 
Quenched from 1530° C. Rockwell Diamond Im- 
pression Made on Polished Surface After Quench. 
Light Etch. 200x. 





was made upon a polished section of the quenched alloy, etched 
lightly before the impression was made, but not afterwards. 

A few intergranular cracks radiate from the impression. [01 
some distance around the impression are seen within any one grain, 
one or two sets of parallel lines which correspond in appearance 
with the deseription of Neumann bands given by Howe’. 

Such an alloy when slowly cooled and in which the precipita 
tion of Fe,Mo, is fairly complete deforms without the ‘‘crackling’’ 
mentioned above and after such treatment the intercrystalline 
cracks rarely appear nor do the Neumann bands. 

The latter when present in any case can be eliminated on!) 


*The Metallography of Steel and Cast Iron, p. 415. 
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ating the alloy for some hours at a temperature of 2190 or 
degrees Fahr. (1200 or 1300 degrees Cent.) 








VOLUME CHANGE DURING AGING 









Blocks measuring approximately 1” x 1” x 5,” were prepared 





an alloy of 22 per cent molybdenum, 78 per iron. After 





ter quenching from 2595 degrees Fahr. (1425 degrees Cent. 
iwo opposite faces on each were ground and measurements made 
with a precision micrometer to 0.0001 inch between the ground 


faces. The blocks were then aged at 1200 degrees Fahr. (650 de- 








orees Cent.) in a hydrogen atmosphere for periods of time ranging 
from 30 minutes to 50 hours. 
\leasurements made after aging showed a linear shrinkage in- 







easing with time of aging to a maximum value of 0.0045 inch 





ina length of 0.9875 inch. This maximum of 0.455 per cent shrink- 





ave was found in the block aged for 5 hours at which time the hard- 
less Was nearing its highest value. A slight increase in volume ap- 






pears to result from extended aging, though even after 50 hours the 


total shrinkage is still 0.004 inch. 
The linear shrinkages and corresponding hardness measure- 







) 


ments are plotted in Fig. 38. 





EFFECT OF CARBON ON THE [RON-RicH MOLYBDENUM ALLOYS 










A preliminary investigation of the iron-carbon-molybdenum 
system indicates that in the iron-rich molybdenum alloys carbon 






in excess of about 0.1 per cent materially alters the conditions gov- 






erning the development of hardness in these alloys. 





Generally speaking, with a fixed percentage of molybdenum an 





increase in earbon content results in higher hardness as quenched, 






but lower hardness after aging. 
An example of this effect is offered by a comparison of the 
carbon-free alloy of molybdenum 22 per cent iron 78 per cent with 








the same alloys containing 0.31 per cent carbon. 












Rockwell Hardness 






As Quenched After Aging 
from 1300°C 12 hrs. 650°C 
Carbon Free : 
Alloy Ces : Cs 





Alloy with 
31% C C 32 : C 5 
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PRACTICAL CONSIDERATIONS 





One alloy of the system has proved to be of decided va 
a material for swaging dies used in the process of working tu 
at a high temperature. In this operation the swaging die han 
a tungsten bar which is at times at a temperature as high as 


or 2730 degrees Fahr. This alloy of 22 per cent molybde)\)y 
















Rockwell Hardness 







' 
4 


n Length 0.001 
In Length of 0.9875" 





andy + 


hanee | 
lange 


——— 


lin Shon} on 
Linear Srriniage 
| | | ‘ 
¥ 20 30 40 0 
Hours Aged At 550°C 
Fig. 38—Curves Showing Change in Dimension and 
Hardness of Alloy Mo 22%, Fe 78%. Quenched from 
1400° C. and Aged at 650° C. 
















. 






78 per cent iron has replaced high speed steel formerly used 
for dies in the above operation and has a life which will average 
from 30 to 50 times that obtained from the most satisfactory high 
speed steel. This advantage is gained by virtue of the ability o! 
the iron-molybdenum alloy to retain its hardness at elevated tem 
peratures. Hardness measurements on specimens of the aged allo) 
and of hardened high speed steel heated together at 1110 degrees 
Fahr. (600 degrees Cent.) over a period of 50 hours are shown in 
Fig. 39 and illustrate very clearly the superiority of the alloy in 
high temperature hardness. 










The alloy of 22 per cent molybdenum, 78 per cent iron as will 
be noted from the equilibrium diagram, contains an amount of 
molybdenum slightly less than that which can be dissolved in iron 
below the eutectic temperature. In preparing this alloy, blocks ot 
the pressed powders measuring 3” x 134” x 1” after heating in a 
reducing atmosphere at about 2550 degrees Fahr. (1400 degrees 
Cent.) for 1 hour to form the solid solution are then cooled to room 
temperature in about 1 hour. 

In this condition the alloy can be machined almost as readil) 
as annealed high speed steel. The dies machined from the alloy 

















THE IRON-MOLYBDENUM SYSTEM 865 


uring 1144” x 1” x 34” are again heated at 2550 degrees Fahr. 
ed va 1100 degrees Cent.) for 10 minutes to dissolve the molybdenum 
ng ae woviously precipitated by the slow cooling and quenched in water 
g tuneste y | 5 


ie han 


| 
; . 
igh as Imtial Hardness 


olybdi 


30 
hours 
Aged " 

Fig. 39—Curves Showing Hardened High 
Speed Steel and TIron-Molybdenum Alloy 
Heated at 600° C. 


merly used ? ; : _— 
. ntil almost dark then withdrawn and cooled in air. This inter- 


rupted quench is necessary to prevent occasional cracking in pieces 
as large as those mentioned. Smaller pieces of this composition can 
be completely cooled in water without cracking. 

Following the quench the dies are heated for 12 hours at 1195 


- aged allo) ‘ eae . : 
110 d decrees Fahr. (625 degrees Cent.) in an electric muffle furnace 
degrees 


‘e shown in 


vill average 
actory high 
e ability of 
svated tem 


he alloy in 


iron as will 
amount of 
ved in iron 
yy blocks of 
eating in a 
100 degrees Fig. 40—Photograph of Swaging Dies Made from Alloy of Mo 
led to room 22%, Fe 78%, About 8/10 Actual Size. 
\uipped with an automatic temperature control. Fig. 40 is a 
; as readily photograph of two pairs of such dies. 
n the alloy Iron-rich alloys with molybdenum content much above 22 per 
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become less resistant to shock with increasing molybdenum 

Since no grain refinement occurs in these alloys duri) 
ing from elevated temperatures the structure is always ex: 
coarse. Largely due to this coarseness of grain the alloys ar 
brittle at ordinary temperatures. 

Iron containing as high as 22 per cent of molybdenum 
worked at temperatures around 2190 degrees Fahr. (1200 . 
Cent.) by rolling, forging or swaging. Such working resul 
certain amount of grain refinement. This advantage is larg 
however, when the worked alloy is reheated to 2550 degree; 
(1400 degrees Cent.) before the quench, which operation is 


sary to the development of the secondary hardness by subs 


aging. 


The alloys in the molybdenum-rich end of the series « 
ing from 10 to 16 per cent iron even in their softest state 


machined with steel tools only with difficulty. 


The alloys of molybdenum with 13 to 16 per cent iron i 
hardest state have been used with excellent results as dies for draw 
ing tungsten and molybdenum wire at temperatures between 111! 


and 1470 degrees Fahr. (600 and 800 degrees Cent. ) 


TENSILE PROPERTIES 


cent tend to crack upon quenching completely in water. The 








Tensile tests were made on 0.030 inch wires of an alloy of iron 


12 per cent molybdenum as slowly cooled, as quenched, and 


quenched and subsequently aged at 1155 degrees Fahr. (625 
erees Cent.). The resulting data listed in Table IV, contain several 


features of interest. 


It is to be noted that the wires as quenched from 2370 degrees 
Fahr. (1300 degrees Cent.) and broken in tension assume the shape 
of a perfect wedge at the point of rupture. As this would indicate, 
the cross section of the wire is in places made up of a single grain 
of solid solution; rupture occurs here within such a grain and the 
accompanying reduction is practically 100 per cent in one direction 


determined by the position of the planes of easy slip. 


This type of reduction in several pure metals has been previous 
ly described, and the tensile strength and elongation accompanying 
such a fracture in pure iron is listed in the table for purposes of 
The 12 per cent molybdenum in solid solution has 


comparison. 
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Table IV 


Tensile Per Cent 
Strength Elongation Remarks 
iption Lbs./Sq. In. in 2 In, All Wires .030’’ Diameter 


Mo. 
hed from 
C. and 
t 625° C. 
66,000 
60,C00 


63.000 


61.500 
66,500 


64,000 


85,000 
76,500 
80,700 
150,000 

27,000 


138,500 


153,000 
142,000 
147,060 


123,000 
150,000 


Avg 136,500 


e Iron 
nace Cooled 


m 1400° C., 24,000 


Mo Water 
enched from 
13800° C 
A 56,500 
B 60,000 


Avg. 58,200 


Fe 12% Mo 

Cooled from 

1300° C, to 
Room Temp. in 

Min A 91,800 
B 93,300 


Avg. 92,500 


A. Semi wedge reduction 
. Full wedge reduction 


. Smooth fracture at slight angle to 
axis of wire—no measurable reduc 
tion. 

. Semi wedge reduction 


Semi wedge reduction. 
. Semi wedge reduction 


A. No measurable reduction—both frac 
. tures smooth, at angle to axis of wire. 


. Fracture rough )}No measurable re 
. Fracture smooth §duction. 


. Fracture smooth)}No measurable re 
. Fracture rough jduction. 


Fracture occurs within single grain 
full wedge reduction. 


A. Full wedge reduction. 
B. Full wedge reduction. 


) Reduction about 5%. 
§ Rough fractures. 


increased the tensile strength of the iron by about 140 per cent as 
measured on a single erystal. 


The ductility as indicated by the 


elongation figures is very much lower in the case of the solid solu- 
tion, 


The relatively massive particles of Fe,Mo, precipitated in the 


alloy by slow cooling result in a much higher tensile strength, and 
decidedly alter the character of the fracture. The reduction of area 


| such a wire is about 5 per cent and the surface of the fracture 
s coarse and irregular throughout the section, 
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By aging the quenched alloy at 1155 degrees Fahr. 
grees Cent.) the tensile strength is increased to about 
pounds per square inch, from 58,000 pounds per squar 
that of the alloy before aging. Due to the large grain siz: 
test specimens the tensile strength values are very erratic a 
be expected from the description of the fractures followi) 
test. A new type of fracture sometimes occurs in the wir 
for one hour or longer. It is best described as a smooth brie 
face extending over the entire cross section and making a 
angle with the axis of the wire. 

The wedge-shaped fracture persists imperfectly in th 
aged 5 hours, and breaking at 80,000 pounds per square in 
does not occur after longer aging times. 

Increases in hardness and tensile strength of alloys bi 
about by aging have been previously reported for certain 
alloys. Merica, Waltenberg, and Scott’ described this eff: 


duralumin, and proposed their theory of age hardening to ex) 


it. Age hardening in the lead-antimony system has been rep 
by Dean, Zickrick and Nix’, in the iron-tungsten system b) 
present author®, and in certain magnesium base alloys by J; 
and Archer’. 


SUMMARY 


The system iron-molybdenum comprises: 


y ‘ 
a 
mm WAG 


‘ 


(a) Solid solution of molybdenum in iron, 24 per cent 


molybdenum being soluble at 2625 degrees Fahr. 
degrees Cent. and 6 per cent at room temperature. 





D 
Al 





1440) 


(b) <A eutectic at 36 per cent molybdenum being a conglom 
I a 


erate of the compound Fe,Mo, and the solid solution of 


molybdenum in iron. 


(c) The compound (Fe,Mo,) iron molybdide at the composi 


tion 53.4 per cent molybdenum. 


(d) Beyond this composition there may be present if not 
heated above 2800 degrees Fahr. (1540 degrees Cent.). 








the compound plus molybdenum-rich solid solution. li 
heated above 1540 degrees Cent. the Fe,Mo, decomposes 























into iron-rich and molybdenum-rich phases. 


™Merica, Waltenburg and Scott; Heat Treatment and Constitution of Duralumin. 
actions, American Institute of Mining and Metallurgical Engineers, 1920. 


®The Lead-Antimony System and Hardening of Lead Alloys; R. S. Dean, Lyall Zic! 


I 


and F. ©. Nix. Transactions, American Institute of Mining and Metallurgical Engineers, | 


°U. S. Patent No. 1,592,302, 
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Molybdenum dissolving 11 per cent of iron at 2790 de- 
grees Fahr. (1535 degrees Cent.) and at room tempera- 
ture about 5 per cent of iron. 

(he eritical point Ar, is lowered from 2550 to 2245 degrees 

r., (1400 to 1230 degrees Cent.) and the point Ar, is raised from 
1635 to 1795 degrees Fahr. (890 to 980 degrees Cent.) by the addi 

on of 3 per cent of molybdenum to iron. 

The Brinell and Rockwell hardness of iron increases continu- 
ously with the addition of molybdenum up to about 40 per cent by 
weight. The hardness of molybdenum is increased at a more rapid 
rate by the addition of iron up to about 15 per cent. 

The Rockwell hardness of some of the alloys, water-quenched 
nm just below the solidus, is increased by as much as 250 per cent 
aging at temperatures between 1110 and 1200 degrees Fahr. (600 

700 degrees Cent.) 

In aging at certain given temperatures the hardness reaches 
aximum and then decreases as aging is prolonged. 

The higher the temperature of aging above a certain minimum 
temperature, the more rapidly the hardness increases, but the 
lower is the maximum hardness attained. 

The tensile strength like the hardness increases with aging; 
| decrease in ductility accompanies the increase in tensile strength. 
Development of secondary hardness in these alloys is accompanied 
hy the precipitation of the compound Fe,Mo,. The particle size 
of the precipitate remains sub-microscopic until the hardness has 
passed through its maximum value and has fallen off considerably. 

A shrinkage in volume occurs during the aging process and, in 
veneral, its maximum is coincident with that of the maximum hard- 
ness developed by aging. 
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W. P. SYKES the metallurgy of tungsten 

and molybdenum and later 

with high melting point alloys. Mr. Sykes’ work is 
concerned chiefly with the development of metals and 
alloys used in the process of incandescent lamp making. 



























DISCUSSION 


i. C. MATTHEWS: I would like to ask Mr. Sykes which percentag: 
molybdenum gives the greatest ductility when drawn into wire? 

W. P. SYKEs: That is a rather difficult question to answer at the present 
time. The ductility falls very rapidly as the molybdenum content is increased. 
[ used in those pieces for tensile test no higher than 12 per cent molybdenum, 
because at that time I did not have the opportunity to work with a higher 
percentage. 1 tried 15 and 20 per cent, but after I began to draw them, 
even at quite elevated temperatures, they hardened so rapidly during the coo! 
ing between dies that they were pretty hard to work with. But I think it could 
be drawn with proper care even as high as, say, 15 or 18 per cent of molyb 
denum, 













E. C. BAIN: I should like, first of all, to express appreciation of and ad 
miration for this paper. I know that I but voice the reactions of all of us 
who study the metals when I express admiration for this outstanding examp! 
of craftsmanship in metallographic research. The broad understanding ot! 
metallurgical principles exhibited in this investigation guarantees that the 
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vbdenum constitution diagram as constructed by Sykes will not suffer 
m by succeeding investigators as has often happened to pioneer dia 
n the past. 
may not be out of place at this time to suggest a matter for thought 
kers in ferrous alloys. In connection with the so-called ‘* Delta’’ iron, 
e, all of us, used the word because it was applied long ago to nearly 
on as it existed at high temperatures above the stable range for gamma 
in my own studies of iron-chromium solid solutions | conformed to the 
nomenclature, but when this name was originally chosen much less of 
iture was known. 
| past times we have learned much about the effect of those elements, 
soluble in gamma iron than in alpha iron, which stabilize and widen the 
of austenite. Still more recently we divide alloying elements into twe 
isses—those acting as mentioned (carbon, nickel, manganese and probably 
and a less familiar group (chromium, tungsten, molybdenum, silicon, 
um and probably tin) which are more soluble in the alpha modification 
on, and which limit and restrict the range of austenite stability. In 
resence of these elements in solid solution we know that ferrite may be 
at all temperatures up to the melting point. In the case of chromium, 
ast, when the alloy is not rich enough to eliminate entirely the gamma 
we can quench the alloy from temperatures near the melting point and 
ire unchanged at room temperatures the high temperature form. It is 
mply ferrite-alpha iron so:id solution. As correctly plotted, then, on a con 
ition diagram, one can trace a single phase all the way from pure iron 
rrite to pure delta iron, Delta iron and its solid solutions then are en 
ely identical with alpha iron and ferrite. 

With these proofs (and there are others) of the identity of the two 
rystalline entities, may we not consider restricting or perhaps even dropping 
he use of the word Delta iron? If we wish to discriminate between the manner 
f formation of the two particular ferrites—one being formed by heating 
uistenite to a temperature above its existence and quenching—the other 
rmed by cooling austenite at a proper rate for its complete recrystallization, 
then Alpha iron and Delta iron take on significance. In any case the point 
s one for leisurely consideration and will ultimately be decided upon the basis 
expediency for purposes of accurate and lucid nomenclature, and for sim 
city of viewpoint; but the beginner may be inclined to think of Delta iron 
s some distinet allotropie modification whereas at present the preponderance 
f evidence is definitely opposed to this conception. 

Dr. HARDER: I would like also to express appreciation of this paper. 

There is one point I would like to ask about and that is the mechanism of 
ie shrinking on aging at the various temperatures, and I would like to inquire 
if the change in the unite parameter and the space lattice has been considered 
as a possible mechanism in that shrinkage. On certain work that we have done 


+ 
} 


on X-ray analysis we have found a certain amount of lagging in the space 


tice. The same thing is found in metals which have been to extremely low 
temperatures, such as liquid oxygen. We do not know positively whether that 


(Continued on Page 1035) 












A RAPID METHOD FOR THE HEAT TREATMEN’ 
THE ALUMINUM-COPPER-NICKEL-MAGNESIUM 
(PISTON) ALLOY 


OF 


By SAMUEL DANIELS 


Abstract 


The principles of heat treatment of the aluminu: 
copper-nickel-magnesium (‘‘Y’’) alloy are outlined, i 
gether with the course of experimentation that led 
the adoption of a two-hour treatment which increas 

the strength of the alloy as cast from 25,000 pound 
per square inch to 35,000 pounds per square inch ani 
the Brinell hardness from 74 to 105. The effect of tim. 
at soaking temperature, of quenching medium, of aginy 
temperature and period, and the influence of cross 
section upon the mechanical properties are discuss: 

in detail. 
















HE aluminum-base alloy containing 4 per cent of copper, 
2 per cent of nickel, and 1.5 per cent of magnesitm! js 
being increasingly used for pistons, air-cooled cylinder heads. 
and other parts operating at elevated temperature. The prepara 

tion of the alloy is simple; the foundry technic required demands 
more care than that for the 92 aluminum-8 copper (Lynite 12 

alloy, involving, as it does, the recognition of certain peculiarities 
of the material itself; its machinability is excellent; and its ulti- 
mate strength, proportional limit, and hardness at temperatures 
up to about 500 degrees Fahr., are, especially when heat treat 
ment has been utilized, eminently satisfactory. 

The full properties of the alloy are secured only after heat 
treatment. British investigators,? with heat treated, chill-cast rods 
1 inch in diameter by 7 inches long, realized an ultimate strength 
of about 45,000 pounds per square inch and an elongation in 2 
inches of from 5 to 6 per cent. The bars were heated at approx 
imately 975 degrees Fahr. for 5 hours, quenched in boiling water 
and finally allowed to age at room temperature for 8 days before 
testing. A strength the equal of this, accompanied, however, ») 
an elongation of 1.5 per cent has been obtained with sand-cast 


‘Institute Mechanical Engineers, Eleventh Report to Alloys Research Committee (19°! 



















~ 2Rosenhain, Archbutt, and Wells. Journal, Institute Metals, Vol. 29, p. 191, 1923 


The author, Samuel Daniels, is Chief, Metals Branch, Material Section, 
Engineering Division, Air Service, U.S. A., MeCook Field, Dayton, Ohio. 
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0.505 inch in diameter over the gage length, soaked at 975 
.rrees Fahr. for 96 hours, quenched in cold water and arti- 
deg ’ 
ficially aged at 300 degrees Fahr. for 8 hours * 


RATIONALE OF HEAT TREATMENT 


The heat treatment of aluminum-copper-nickel-magnesium 
stings may be conducted either in an air furnace or in a nitrate 
hath consisting of equal parts, by weight, of sodium and of potas- 
sium nitrate; and it embraces three operations: soaking at ele- 


vated temperature, quenching, and aging. When proper atten- 
tion is paid to carrying out this schedule, the resulting hardness 
and tensile properties of the material will be uniform, granted 
that the alloy is initially of average homogeneity and soundness. 
The castings must be handled considerately during treatment. It 
is seldom that cracks occur from the quenching; usually it is found 
that these exist in the casting as it comes from the foundry floor. 

Electric, gas, and oil-fired furnaces, mufflle or semi-muffle in 
type, and the nitrate bath are employed for the soaking opera- 
tion. Each has its particular advantages and disadvantages. The 
electric furnace, compared with the nitrate bath, is probably better 
adapted for long soaking periods, is less dangerous to handle, 
and leaves the castings cleaner and less liable to corrosion; on 
the other hand, the electric furnace, unless special arrangement 
is made for proper circulation, usually suffers from a tempera- 
ture gradient, which is the more pronounced as the unit increases 
in size. The nitrate bath heats more rapidly and gives satisfac- 
tory temperature uniformity, but it presents the threat of burns 
from splashing salt and of contamination of the quenching medium 
by corrosive chemicals. For large pieces and heavy charges the 
nitrate bath is not so economically suitable as the electric furnace. 

The control at the soaking or ‘‘solution’’ temperature of 
950 degrees Fahr. should be to within + 25 degrees Fahr. When 
the temperature is too low, the alloy does not harden fully; at 
the other extreme, which is in the neighborhood of 1000 degrees 
Fahr., the alloy begins to blister and melt. Proper temperature 
control is therefore necessary and pyrometric equipment, prefer- 
ably with automatic regulation, is essential. Jt is best to have the 
furnace at the soaking temperature before the castings are charged. 

Care should be taken not to injure castings during treat- 

“Lyon and Daniels, Journal, Society of Automotive Engineers, Vol. 14, p. 173, 1924 
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ment or manipulation while they are at the soaking ten 
ture. Jostling and loading parts upon or against one 
when they will not bear the weight without buckling should }, 
avoided, and similar precaution should apply to the prom 
use of tongs. The aluminum-copper-nickel-magnesium allo, 
stands rougher usage with tongs than some of the other aluminuy 
base alloys which are heat treated. Pistons and air-cooled ¢y). 
inder heads, especially the latter, are often removed from the 
furnace by gripping a heavy section. This procedure may ofte 
be feasible, because castings are generally heat treated before 
machining, sometimes thus to establish the growth oeeurring oy 
heating to temperatures in excess of about 475 degrees Fahr 
Mention should also be made of the distortion which may result 
from stress set up by quenching. 


With 


For quenching media, air, boiling water, cold water, and oj 
have been used. The heated castings should be transferred { 
the quenching medium as rapidly as pessible. Air cooling is some 
times mandatory in order to avoid distortion. Cold water is 
often more convenient to use than boiling water; and oil is ob 
jectionable because it is difficult to remove. 

After they have been quenched, castings are next aged. When 
the aging is allowed to take place at room temperature, the process 
is referred to as ‘‘natural’’ or ‘‘spontaneous’’ aging. This type 
of aging takes place relatively slowly, occupying a space of days 
When speed of production is essential, it becomes more logical, 
though more expensive, to resort to ‘‘artificial’’ or ‘‘aecelerated’’ 
aging, which has for its aim the accomplishment of the same ends 
as does natural aging, with the difference that the result is at- 
tained in a matter of hours by reheating the quenched alloy to 
a temperature generally less than about 475 degrees Fahr. and 
air cooling. The artificial aging process may be conducted in 3 
chamber filled with live steam at the proper temperature. Ordi- 
nary electric or gas-fired ovens are also satisfactory. The prime 
requisites for the aging oven are simply temperature uniformity 
and temperature control to within, perhaps, 20 degrees Fahr. 

Theory explains what happens during heat treatment by set- 
ting forth that certain metallographic compounds produced by 
the addition or presence of such elements as copper, magnesium, 
and silicon are to some extent dissolved by the aluminum at the 
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soaking temperature and are retained in solid solution by the 
quenching operation. The aging process then causes the repre- 
sjpitation of these soluble compounds in finely divided particles. 


PRESENT EXPERIMENTATION 


This article embodies the results of research on the curtailed 
heat treatment of the sand-cast alloy made by the Metals Branch 
of the Material Section at MeCook Field. The objections to the 
protracted treatments previously mentioned are easily visualized. 
Ordinarily, too, there is no need to develop in the cast material 

strength in excess of about 32,000 pounds per square inch 
provided the hardness requirements have been met. 

At first the treatment used comprised a 5-hour soaking at 
950 degrees Fahr., quenching in boiling water, and aging at 212 
or 300 degrees Fahr. for 16 hours (over night), but after this 
schedule had been employed for a while an effort was made to 
make the castings available sooner. Attention was first directed 
to the aging process and it was found that by aging at 400 degrees 
Kahr. the direct total treatment period could be shortened to 5 
hours. Practically at the same time tests were in progress to 
ascertain at exactly what temperature softening took place in the 
reheating of the hardened alloy* and these, together with the re- 
sults of tests being made at elevated temperature, suggested that 
softening did not begin at 400 degrees Fahr. Investigation of this 
point led to the determination of the fact that the quenched alloy 
could be expeditiously aged at 450 degrees Fahr. The subsequent 
data describe the course of the experimentation. 


PROCEDURE 


Air Service Specifications No. 57-72-1, to which the sand-cast 


aluminum-copper-nickel-magnesium alloy must conform, is as fol- 


lows: 


Chemical Analysis 
Per Cent 


Magnesium 

Tron 

Silicon 

SN SINNED acu spaces on we oe Se 
Aluminum 


0.25 (Max.) 
Remainder 


‘Daniels, American Institute of Mining and Metallurgical Engineers. Paper 1519-E, 1926 
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Mechanical Properties (After Heat Treatment) 





Type Specimen Ultimate Strength Brinell Hardnes 
Ibs. per sq. in. 10-mm ball, 500kg. loa 
OL. 6 c's a cee s Ueeb Grane ede 0.5 (Max.) 
Cast-to-size (TB1) ........ 32,000 ( Min.) 90 (Min.) 
Machined-to-size (TBIA) .. 29,000 ( Min.) 90 ( Min.) 
The specific gravity must not exceed 290. 














The cast-to-size (TBl) test specimen is green-sand cast in a 
mold of three, with a common pouring sprue at one end and jn 

dividual risers at the other end. This bar is 0.505 inch in diamete 
over a gage length of about 21% inches. The machined-to-size (T'!3] \ 

test specimen mold is like the TBl mold, only the bars are cas; 
to 5% inch in diameter over the gage length and are thereafter 
machined to 0.505 inch in diameter before testing. The TB7 tes 
specimen mentioned in later paragraphs is cast two bars to the 
mold, with common pouring sprue at one end, a common riser at 
the other end. This bar is 1514, long by 114 inches in diameter and 
from its center was machined the TBIA test specimen, thus to 
give the effect of entire loss of skin and the extent of penetration 
of the very short heat treatment. The test specimens were poured, 
often with heats of pistons, from a temperature of 1300 degrees 
Fahr. The proportion of new ingot charged with gates ranged 
from 0 to 100 per cent. 













The analyses of the several heats of ingot used follow: 
















Melt No. Copper Nickel Magnesium Iron Silicon 
In Per Cent 

3786 4.13 1.79 1.38 0.58 0.24 
3986 3.88 1.82 1.56 0.44 0.20 
4248 4.01 2.15 1.45 0.48 0.18 
4253 4.18 2.01 1.54 0.39 0.22 
5021 4.36 2.29 1.44 0.49 0.28 
5207 4.14 2.00 1,54 0.48 0.20 
5411 3.73 1.84 1.56 0.44 0.18 
5425 4.34 2.11 1.50 0.34 0.21 













This ingot was made by melting down 99.0 plus aluminum (Air 
Service Specification No. 11,010, Grade A) and adding the proper 
quantity of 55 aluminum-30 copper-15 nickel hardener. When 
the hardener has melted, the bath is skimmed, and the magnesium 
is added just before pouring. The pouring temperature of the 
ingot was usually about 1350 degrees Fahr. 

The test specimens were soaked at 950 degrees Fahr. in an 
electric furnace automatically controlled to within + 7.5 degrees 
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The charge was placed upon iron plates and loaded after 

he furnace had settled at temperature. The bars, following the 

ing operation, were rapidly transferred to the desired quench- 

‘no medium. Those which were not tested immediately after hav- 

ing been quenched were aged artificially at temperatures from 

212 to 475 degrees Fahr. for various periods of time in an auto- 

matically controlled electric oven or, more generally, in a man- 

ually controlled, gas-fired oil bath. No specimens (TBIA and 

{B7) were machined to size (0.505 inch diameter) until after they 
had been heat treated. 

The tension tests were made in a 20,000-pound Olsen machine 
and the Brinell hardness represents values for a 10-millimeter 
hall, 500-kilogram load, applied for 30 seconds. The results con- 
tained in the various tables are average for not less than three 
bars to the treatment. The Brinell readings were made on smoothly 
vround flats on the grip ends of the broken specimens with a 
specially designed micrometer microscope having a lateral trav- 
eling stage and registering on an Ames dial. The specimens con- 
sioned to immediate tension test after having been quenched were 
pulled as soon after the bars had cooled to room temperature 
as was possible, which was within 45 minutes. This delay was 
occasioned by the necessity for measuring the diameter of the 
bars and for stamping the gage points. A somewhat greater ad- 
ditional delay was imposed before the Brinell tests could be made. 


MECHANICAL PROPERTIES 


The results of heat treatment are gathered in Tables I to VII, 
inclusive. The significance of these data are the better appreci- 
ated when considered in comparison with the properties of the 
alloy as sand-cast. It has been shown‘ that the aluminum-cop- 
per-nickel-magnesium alloy has an ultimate strength of about 


25,000 pounds per square inch, an elongation in 2 inches of 0.7 


per cent, and a Brinell hardness of 75 a short time after having 
been cast. Subject to age-hardening at room temperature, the 


cast material six months later has given 28,410 pounds per square 


nch, 0.5 per cent elongation in 2 inches, and 96 Brinell hardness. 

The initial experiments (Table I) disclosed that for a 4 or 
\-hour soaking at 950 degrees Fahr., followed by quenching in 
boiling water (which was the first medium employed), artificial 
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aging for long or short periods at temperatures not highe: 
300 degrees Fahr. gave a strength of about 37,000 poun 





square inch, 0.5 per cent elongation in 2 inches and 96 | 
hardness. Aging at 400 degrees Fahr. for 2 and f 
hours indicated the possibility of at least equivalent strengt| 
greater hardness (105). The soaking period was therefo: 
to 4 hours and the aging process set at 400 degrees Fahr. {or | 
hour. This primary curtailment to a treatment requiring 5 

for its completion did not fulfil the promise of increased ha: 

but it speeded up the passage of castings from the heat tr 

department to the machine shop. The Air Service demands a 
to strength and hardness were met for quite a while with this 
\-hour schedule, despite heavy dilution of the charge with eat 

Table I1 outlines the work undertaken with 450 degrees Fal: 
as the aging temperature. The results showed conclusively that 
while the strength was hardly affected, the hardness was enhanced 
by from 5 to 10 numbers. An example is given wherein bars. 
quenched and aged at 400 degrees Fahr., were again aged at 45) 
degrees Fahr., with improvement in hardness from 102 to 110 
At the same time, data were obtained for cold water and air 
quenching. The convenience of cold over hot water sponsored 
this test, with the indication that the former could be substituted 
for the latter without trouble. As was already anticipated, the 
air-cooling produced only 32,620 pounds per square inch, 0.5 per 
cent elongation in 2 inches and 96 Brinell hardness with 500-|il 
ogram load. One hundred per cent of gates was used for 
bars in this series of tests. 

Since it was known that maximum precipitation was taking 
place in the neighborhood of 450 degrees Fahr., it was next at- 
tempted to shorten the soaking period at 950 degrees Fahr. A 
l-hour treatment was sufficient (Table III) to develop a strength 
of 37,000 pounds per square inch, and the 2-hour treatment at 
950 degrees Fahr., with the cold water quench and an aging at 
450 degrees Fahr., once more manifested that the 450 degrees 
Fahr. aging made for a hardness (109) superior to that (99) en 
gendered by aging at 400 degrees Fahr. 

The effect of quenching medium, considering a 1-hour soak 
ing at 950 degrees Fahr. and artificial aging at 450 degrees Fahr. 
for 1 hour, is to be noted in Table IV. The strength developed 
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Table I 










poun 
OG | Initial Experiments Upon Aging Temperature and Period 
nd { Average Mechanival Properties 
L{ Brinell 
‘Aan ct} Type No Ult. Str Hard 
rengtl nd Charge Speci- Speci Lbs. Elongation ness 
erefo) , nbe! Proportion men mens Heat Treatment Per Sq. In. % 2In. 500 Kg 
‘ 501-50G+- TBl 9 950-5BW-16+ +4 37,010 0.5 O7 
“ahr is Some 9 950-5BW-300-16 37,460 0.5 97 
F i 6 950-5BW-2 36,940 0.5 96 
mo 5 6 950-5BW-300-2 37,280 0.5 96 
5 LS 6 950-5BW-400-2 36,680 0.5 105 
d hay is 6 950-5BW-400-16 39,290 0.5 105 
— 151 to 1001 TBI 12 950-5BW-400-1-0 37,410 0.5 98 
at treatino 1964 15lto 401 TBI 9 950-4BW-400-2-0 38,830 0.5 96 
Sd 1258-70 15l1to 501 TBI 27 950-4BW-400-1-0 36,520 0.5 98 


lem: 
eman I Ingot; G Gates 


Heated at 950 degrees Fahr. for five hours, quenched in boiling water and aged at 212 

es Fahr. for 16 hours. 
When period at artificial aging temperature is followed by “O” it signifies that this 
was accomplished in oil, rather than in an electric oven 


> with this 
With gates. 
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Table II 
Effect of Aging at 400 and at 450° F. After 4-Hr. Soaking at 950° F. 
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Average Mechanical Properties 
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Per Cent 

, - Charge Type Elon Brinell 
OF ‘ s ; 
ged at to0) Pro Speci- No. Ultimate Strength gation Hardness 
QO? t 110 Melt. No portion men Specimens Heat Treatment Lbs. Per Sq. In. 2 Inches 500 Kg 
mm OP 2 113 100G TBI 6 950-4BW-400-1-0 37,650 0.5 102 
. x a. gat 6 950-4BW-450-1-O 35,440 0.5 109 
Po and air 6 950-4BW-400-1-0 

. ee 450-1-O0 34,440 0.5 110 
Sponsi rea 100G TB1 6 950-4CW-400-1-0 85.880 0.5 93 
substituted 6 950-4CW-450-1-0 34,140 = 






6 950-4A-400-1-O 32,620 0.: 96 
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Table III 
Effect of Time at Soaking Temperature 






Average Mechanical Properties 
Per Cent 











Charge Type Elon Brinell 

Pro- Speci No. Ultimate Strength gation Hardness 

| Melt. No. portion men Specimens Heat Treatment Lbs. Per Sq. In. 2 Inches 500 Kg. 
vas taking 104 100G TBI 3 950-1CW-400-1-0 37,390 0.5 97 
3 950-2CW-400-1-0 38,440 0.5 99 
8S next at 3 950-2BW-400-1-0 28.410 0.5 101 
7 3 950-2A-400-1-O 33,150 0.5 96 
Fahr. A 3 950-2CW-450-1-0 38,910 0.7 109 
: 3 950-3CW-400-1-0 38,200 0.5 98 
a strenethi 3 950-4CW-400-1-0 35,460 0.5 97 
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Table IV 
Effect of Quenching Medium in Rapid Heat Treatment 





aging at 








0 degrees 


(99) en 





Average Mechanical Properties 
Per Cent 










Charge Type Elon Brinell 
Pro- Speci- No. Ultimate Strength gation Hardness 
Melt. No. portion men Specimens Heat Treatment Lbs. Per Sq. In. 2 Inches 500 Kg. 
Our soak ++ TBI 15 950-1A-450-1-0 32,480 0.5 96 
15 950-1BW-450-1-O0 34,130 0.5 103 
‘ees Fahr. 15 950-1CW-450-1-0 36,590 0.5 106 






15 950-10-450-1-0 36,780 0.6 102 
Melts 5448, 5467, 5471, 5474, 5481. 
+-+ Latter four melts all gates; 5448 all ingot. 





developed 
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Table V 
Effect of Quenching Operation in Rapid Heat Treatment 





Average Mechanical Pro; 









Per Cent 
Charge Type Elon 
Pro- Speci- No. Ultimate Strength gation | 
Melt. No. portion men Specimens Heat Treatment Lbs. Per Sq. In. 2 Inch > 
} ee TBI 12 950-14 30,920 0.6 
15 950-1BW 30,840 1.0 ; 
15 950-1CW 27,530 1.9 
15 


950-10 32,420 1.0 
+ Melts 5448, 5452, 5458, 5460, 5480. 
++ Melts 5452, 5460, and 5480 all gates; 5458 half ingot, half gates. 


Table VI 
Eftect of Aging at Atmospheric Temperature After Quenching 





Heat Treatment 










When Tested 950-1A+ 950-1BW+- + 950-1CW+-+ 950-1/ 
Immediately 31,060-0.5-92°° 29,420-1.0-80°° 27,510-2.0-71°° 30,680-1 

7 hrs. 28,960-0.8-82 28,750-1.1-77 28,970-1 

1 day 31,740-0.5-92 30,880-1.0-86 30,700-1.0-86 30,610-1 

2 days 30,930-1.0-88 32,500-1.0-87 31,260-1 

4 days 32,460-0.8-89 33,020-0.8-87 31,040-1.0 

1 week 32,660-0.5-95 32,790-0.8-89 32,700-1.0-90 32,540-0.8-88 
1 month 31,910-0.5-95 33,750-0.5-89 35,310-0.5-92 33,570-0 


+ Melt 5448, average of 3 bars. -+-+ Melts 5480 and 5442, average of 6 bars, 
each melt, heat treated in different heats. ° Melt 5480, average of 3 bars only. 
°° Ultimate strength—elongation-—hardness. 















Table VII 
Effect of Cross-Section in Rapid Heat Treatment + 


Type of Test Specimen 
Heat Treatment TBI TBIA 







TBI 
950-1A-450-1-0 32,880-0.6- 99°° 31,050-0.5-107°° 26,990-0.8.G { 
950-1BW-450-1-0 33,660-0.5-100 33,640-0.5-107 26,210-0.5-10' 
950-1CW-450-1-0 37,140-0.5-108 35,300-0.5-108 29,200-0.5-98 
950-10-450-1-0 34.280-0.5- 99 34,570-0.5-107 29,380-0.5-97 








+ Melt 5467, average of 3 bars except TB7, which are average of 2. 
°° Ultimate strength—elongation—hardness. 
* Broke outside gage marks. 












in the alloy by quenching either in cold water or in oil is about 
36,500 pounds per square inch, but boiling water and air are. 
in order, less effective media. In the case of air cooling, evidentl) 
a quantity of soluble compounds is retained in solution insuffi. 
cient to enable any pronounced hardening through reprecipitation 
As to Brinell hardness, cold water quenching is slightly more desi 
able than oil or boiling water quenching, which two, in turn, 
are appreciably preferable to air quenching. Oil quenching should 
be chosen as an alternative to cold water quenching when it is 
desired to minimize distortion of the casting. 
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ojuivalent whether all gates or all ingot were used, and the data 
oroved that it made no difference whether the test specimens were 
rested immediately after the artificial aging or 24 hours later. 
able V indicates the effect of the quenching operation itself, 
part from any influence caused by aging. Immediately after 
yenehing in air, boiling water, or oil, the alloy has an ultimate 
streneth of about 31,000 pounds per square inch. Air cooling 
venerates the highest immediate Brinell, 90, and boiling water 
quenching the lowest, 82. Strangely, after having been quenched 
1 cold water, the alloy has an ultimate strength of 27,530 pounds 
square inch, 1.9 per cent elongation in 2 inches and 77 Brinell 
hardness, which denotes quite a weak and soft condition, resem- 
in streneth and hardness, at least, the attributes of the 
material in the sand-cast state. 

Age hardening at atmospheric temperature, following quench- 

impresses over a period of a month a slow, but perceptible 
change in the tensile and hardness values of the alloy, except when 

has been cooled in air (Table VI). When quenched in boiling 
water or oil, the rate and the extent of natural aging are prac- 
tically the same. Upward of about four days is required before, 
with these media, aging brings the alloy to the point where it 
will meet the tensile minimum of 32,000 pounds per square inch 
prescribed by Air Service Specification No. 57-72-1. It is doubt- 
ful whether enough margin of safety is reached before one month 
has elapsed. Even then, the hardness conferred by artificial aging 
at 450 degrees Fahr. (Table IV) is not approached closer than 
ten numbers, and while the strength with the boiling water quench- 
ing and natural aging is the equal of that obtained from artificial 
aging, the same cannot be said of the properties ensuing from 
oil quenching. 

When natural aging succeeds quenching in cold water, the 
alloy traverses the range of from 27,510 pounds per square inch, 
2.0 per cent elongation in 2 inches and 71 Brinell hardness to 
}),310 pounds per square inch, 0.5 per cent elongation and 92 
Brinell hardness within one month. As with those just described, 
this difference is, of course, an effect solely attributable to the 
reprecipitation of dissolved compounds. The major portion of 
the inerease in strength and hardness occurs in the first two days; 
thereafter the progress of aging is slew. 
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It is believed that, as a commercial practice, the substit 





of the less expensive natural aging for artificial aging 
degrees Fahr. in the light of the postulates of Air Service 
fication No. 57-72-1, is not to be recommended, especially 
the castings must have a maximum of strength and hardness » 
once. It is further thought that while prolonged natural agino 
will result in the development of the strength given by artitic; 
aging, regardless of quenching medium, the maximum of hard 
ness is distinctly a peculiarity connected with aging at ek 
temperature, presumably at 450 degrees Fahr., plus or minus 2 
degrees Fahr., according to tests. 

Finally, Table VII demonstrates the efficacy of the 950-1450 
10 treatment with regard to cross-section and loss of ‘‘skin’”’ 
Using the cast-to-size (0.505 inch diameter) TBI bars as the datw 
the removal of ;% inch of skin in the TBIA bars originally eas} 
to 54 inch diameter takes place with loss of considerably less strengt| 
than is occasioned in most aluminum alloys. The Brinell hard 
ness seems to persist to a large degree even 3% inch below the sur 
face, in the TB7 bars. The strength of the 0.505 inch diameter 
specimens machined from these 114 inch diameter bars is 80 per 
eent or more of the strength of the TBI test specimens, whic! 
is exceedingly good. The ease for cold water and oil quenching 
over boiling water quenching is made stronger through the testi 
mony of the greater strength of the core of these TB7 bars 
Specimens from TB7 bars quenched in air and in boiling water 
are about as strong as the alloy in the cast state and those quenched 
in cold water and oil are approximately as strong and hard as 
the cast alloy after it has aged at room temperature for six months. 
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THE NATURE OF OIL HARDENING NON-DEFORMING 
TOOL STEELS 


By Epaar C. Bain AND Marcus A. GROSSMANN 
Abstract 






This paper presents some fundamental characterstws 
of the oil-quenching type of tool steels. Data offered 

were obtained from measurements of hardness, impact 

strength, change of dimension, and determination of 

X-ray crystal structure, as these properties are changed 

with various quenching and tempering temperatures. 

Deductions are drawn as to the preservation and sub- 

sequent destruction of austenite and this phenomenon 

is correlated with the practical behavior of the steel vn 

its various Uses. 

HE present paper deals with some fundamental character- 

isties of a type of tool steel known generally as ‘‘oil hard- 
ening non-shrinking steel, or non-deforming steel.’’ Such steels 
contain but a small amount of alloy; an amount, in fact, just 
sufficient to permit the more gentle oil-quench to be substituted 
in hardening for the drastic water-quench demanded by earbon 
steel. Oil quenching causes much fewer cracks and checks than 
water quenching, and steels thus hardened are freer from warp- 
ing. Further, if a proper hardness results from an oil-quench 
applied to an alloy steel the hardening is much deeper than in 
‘arbon steel hardened in water. 

The steels under consideration find their application in plug, 
ring and thread gages; both master gages and service gages of 
a variety of forms; delicate dies not subject to extremely severe 
use; and as master tools in shaping form tools when they are 
not in too frequent use. When plane surfaces of considerable 
hardness are to be attached to machines of various sorts these 
steels lend themselves admirably on account of their remarkable 
freedom from warping during hardening and the small amount 
f grinding required as a result. 

The properties investigated and herein reported are the same 


A paper presented before the eighth annual convention of the Society, 
Chicago, September 20 to 24, 1926. Of the authors, E. C. Bain is metallurgist 
t the Union Carbide and Carbon Research Laboratories, Long Island City, 
\N. Y., and M. A. Grossmann is metallurgist with the Central Alloy Steel Corp., 
inton, Ohio. Both authors are members of the Society. A large part of 
the experiment work herein described was carried out at the Atlas Steel Cor- 
ration, Dunkirk, N. Y., with which company the authors were associated 
luring 1923-1924. 
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as have been studied by the authors for high speed steel. 
chromium steel and fast finishing steel, and the paper n 
regarded as one of a series covering a number of the typic: 
steels. It is believed by the authors that the persistence of a 
ite and the manner of its decomposition, as much as any 
single property in a steel, provides an index of its ultimat 
ture. In conjunction with some few data covering the gross pro 
erties of a steel under various heat treatments this informa 
is extremely useful in determining its adaptability for an) 
pose. In the study of the tool steels, the authors have followed 
the effect of quenching temperature and subsequent tempering tem. 
perature upon hardness, impact strength, microscopic appearance, 
and change of dimension. This last property is in effect equiy- 
alent to density measurements. From a consideration of these 
series of physical measurements the temperature and rapidity of 
quench necessary to produce martensite and various martensite- 
austenite mixtures is revealed, and too, the stability or persistence 
of these constituents can be estimated. 

The particular grade of tool steel to be discussed in this paper 
is exemplified by two different compositions which are, in general, 
maintained as follows: 


























Steel No. 1 Steel N 





Carbon 3) 0.85-0.95 
Manganese 1.50—-1.75 1.00-1.20 
Phosphorus Less than 0.020 Less than 0.020 
Sulphur Less than 0.020 Less than 0.02( 
Silicon 0.10—0.20 0.10-( 
Chromium None 0.40-0.55 








Analyses of the particular steels used in these tests fall within 
the limits indicated above. It will be seen that the steel No. | 
depends upon manganese for developing the oil hardening qual- 
ities, while steel No. 2 is to a moderate extent a chromium steel, 
the chromium in this case facilitating the formation of marten 
site with the more gentle quench. 

Although the amount of alloy is small, it is nevertheless a 
fact that (at the comparatively low temperatures employed at 
quenching) the scale formed is much thinner than usual. It seems 
surprising that such a small addition, especially of manganese, 
would serve to reduce the seale thickness so much. This condi- 
tion reduces very appreciably the loss of dimension by straight 
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oxidation in the heating furnace. It is probably true that in simple 
shapes, the slight expansion of the metal itself in hardening is 
ft m just about equal to the thickness of this scale. When the 
seale is then polished off, the piece will have approximately its 
ovivinal size, with further accuracy available by the selection of 
, suitable tempering temperature. Such conditions, of course, 
make for a great saving of expense in grinding and polishing 
operations. There are other properties of these steels, however, 
which are responsible for their being chosen for certain specific 
purposes, and these properties have been known for some time. 
An attempt will be made in the present paper to explain the 
origin of these properties. 


HARDNESS 


Reference to Fig. 1 will show the slight effect that variation 
in quenching temperature has upon the hardness of steel No. 1 
as quenched in oil. It appears that as soon as the piece has been 
heated sufficiently above the critical temperature to render it 
wholly austenitic and to produce a sufficiently high cooling rate 
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MOO” 450° (500° (55/6 00° 1650° FE 

* 00° oso° 980° C. 
QUENCHING TEMPERATURE - Ol. 

Fig. 1—Rockwell C and _ Scleroscope 
Hardness of Non-deforming Steel No. 1 


as Affected by Temperature of Quench 
into Oil. 


through this eritical temperature in the oil bath, then a hardness 
is established which cannot be greatly increased (or decreased) 
by heating to a higher temperature. This observation leads up 
it once either to the conclusion that increasing the quenching tem- 
perature does not increase materially the amount of austenite pre- 
served, or to the conclusion that the hardness of martensite- 
\ustenite mixtures in this particular steel is not greatly affected 
by change in the proportion of these two constituents. As will 
be developed subsequently, the second explanation proves to be 
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the correct one, and it is indeed a fortunate circumstance. 
grain, either as observed under the microscope or as seen 0 
fracture, remains quite fine even in the specimens quenched 
1650 degrees Fahr. (900 degrees Cent.). The effect of temperin 
temperature on various quenches is illustrated in the charts of 
Fig. 2. The significant point of these charts is the remarkable 
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Fig. 2—Effect of Various Tempering 
Temperatures Upon the Hardness (Rock- 
well C) Obtained from Several Different 
Quenching Temperatures. Steel No. 1. 








similarity of all the eurves, showing more or less uniformly de- 
ereasing hardness with increase of tempering temperature. With 
the exception of the 1400 degrees Fahr. (760 degrees Cent. 
quench, which was not from a sufficiently high temperature to 
produce completely hardened steel, the several tempering curves 
are essentially identical. It so happens that these hardness meas- 
urements were made entirely upon the manganese type of hard- 
ened steel, but judging from the similarity in their properties, 
it is expected that almost identical results would have been ob- 
tained from the chromium type of steels. Several isolated hard 
ness measurements on steel No. 2, not sufficiently numerous to be 
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Examination under the microscope, and the fracture of many 
specimens of these steels reveals the fact that it is an extremely 
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of hard- j 
Ss tiaen ‘‘deep hardening’’ material. Fairly large cylinders can be hard- 


eek: ob, ened to a depth which will permit length-change study with reas- 
tod heard onable assurance that the over-all dimensions are changing in a 
ous to be manner quite representative of the entire mass under study. For 

the length-change study cylindrical specimens were made similar 


? 












































































































888 TRANSACTIONS OF THE A. 8. 8. T. De 










to those employed for similar studies of high speed steels. 
cylinders were about 21% inches long and 11% inches in diamete 
Protective caps to prevent oxidation were bolted on to the spec; 
mens and even after the highest quenches, when the caps \, 
removed the ends of the cylinders presented an essentially 
tarnished surface. The method was used first in connection wit} 
high speed steel, and no difficulty was to be expected in this 
study since the method had proven entirely satisfactory for th 
extremely high temperatures involved in high speed steel. Fic. 3 
is a photograph of such a cylinder in place on the length mea 





2 ° JOO" 490 500” poo" 700° 800° 
100° 200° 300% 400° 
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00 
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Fig. 4—The Change in Length of 24-inch Specimen as Caused by Ten:per 
ing at Various Temperatures. Steel No. 1; Quenched at 1450, 1550, and 1750 
Degrees Fabr. (A Represents Length as Annealed, Q as Quenched.) 


uring device. The change in length was followed by means 0! 
a Federal dial calibrated in divisions corresponding to one ten 
thousandth of an inch. It is possible to estimate hundred-thou 
sandths from the readings, but all averages are plotted only to 
the nearest ten-thousandth. 

Fig. 4 shows the change in length in thousandths of an inch 
in specimens 214 inches long for the manganese type of steel 
(No. 1) and Fig. 5 is a similar chart showing the measurements 
obtained for the chromium steel (No. 2). The two curves illustrate 
nicely the great similarity of the two alloys. It will be seen that 
a sharp minimum of length is obtained at about 400 degrees Fabhr. 
(200 degrees Cent.) and that a marked maximum in length is 
produced by reheating to a temperature only 100 degrees higher 
or 500 degrees Fahr. (260 degrees Cent.). It will be noted that 
these characteristic expansions and contractions occur at ‘precisely 
the same temperatures regardless of quenching temperatures. It 
will be noticed that the 214-inch cylinders expanded with high 
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quench between 0.004 and 0.005 inch and with the ordinary quench 
between 0.001 and 0.0015 inch. That is to say, the linear ex- 
pansion upon the quench ranges from .06 per cent to .2 per cent, 


200° 500° 400° 500° 600° 700° 800° 900" 4000° 00° 1200 fF 
100° 200° Joo* 400° J 6 c. 
DRAWING TEMPERATURE 


LENGTH CHANGE (IV 2y% incHES 


Fig. 5—The Change in Length of 2%-inch Specimen as Caused by Temper- 
ing at Various Temperatures. Steel No. 2; Quenched at 1450 and 1700 Degrees 
Fahr. (A Represents Length as Annealed, Q as Quenched.) 


depending upon the temperature of the quench between 1450 de- 
vrees Fahr. (790 degrees Cent.) and 1750 degrees Fahr. (950 
degrees Cent.). The pieces quenched at 1450 degrees Fahr. are 
probably hardened only part way through, so that the expansions 
and contractions take place only in an outer layer. The unhard- 


N 2A INCHES. 


Jo0o0* 500" 790% G00° ° (000° F 
me OO ae ae aia See c 
ORA WING TEMPERATURE 


Fig. 6—Effect of Pitch of Threads Cut Upon the Surface of 
Steel No. 2 Upon the Change of Length Curve. Quenched at 
Normal Temperature—1450 Degrees Fahr. 
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ened center would have a restraining effect on the motion of this 
outer layer, so that the total expansions would be decreased. It 
will be seen that for both grades of steel the expansion at 500 
degrees Fahr. (260 degrees Cent.) restores the steel almost ex- 
actly to the length acquired as a result of the quench. 

As has been mentioned, these steels are much used for thread 
cages. This circumstance has led the authors to investigate the 
effect of variously threaded surfaces upon the change of length 
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in cylinders of the same size. The results portrayed in Fj: 
and 7 show how little effect the various threads on the sy; 
have upon the constituents formed in the specimens (eithe: 
the normal 1450 degrees Fahr. (785 degrees Cent.) quench 


6, or at the high 1700 degrees Fahr. (925 degrees Cent.) que 
Fig. 7. It is quite likely that the unavoidable discrepane; 
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Fig. 7—Effect of Pitch of Threads Cut Upon the Surface of Steel No. 2 
Upon the Change of Length Curve. Quenched at 1700 Degrees Fahr. 





































































which creep into heat treatment experiments of this sort may be 
responsible for the differences rather than the threads themselves 
cut upon the eylinders. Only three different pitches were stud 
ies—8, 16, and 24 60-degree threads per inch. 

So far as is known the only structural change in steels o! 
this character which can account for an expansion upon reheating 
is the change of austenite to alpha iron. We have then almost 
uncontrovertible evidence that in these low alloy steels a ver) 
considerable amount of austenite is retained after the quench and 
that it is quite persistent up to 400 degrees Fahr. (205 degrees 
Cent.). Up to that temperature it is apparently stable, and 1s 
then released, sharply and quite completely, slightly above this 
temperature, as may be inferred from the very steep slope of 
the expansion curve up to a temperature of 500 degrees Fahr 
(260 degrees Cent.). 

Evidence is quite clear that the martensite of such steels is 
progressively decomposed into troostite, sorbite, etc. more and more 
rapidly as the steel is reheated to temperatures above 200 degrees 
Fahr. (95 degrees Cent.). Particular attention is called to the 
extremely rapid contraction which follows the austenite-alpha iron 
transformation at 500 degrees Fahr. (260 degrees Cent.). We 
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are able then with great assurance to point to these types as 
examples of steels wherein a generous preservation of austenite 
's entirely incapable of producing secondary hardness by tempering 
back to break down the austenite. This is illustrated in Fig. 2, 
which shows how the hardness decreases gradually and regularly. 
(here are none of the variations which usually accompany the 
observed increases and decreases in dimensions and impact tough- 
ness. In fact, it may well be suggested, that the austenite pre- 
served after the quench transforms directly into troostite or into 
a very transient form of martensite. At any rate, we are certain 
that whatever contribution to hardness is offered by the release 
of austenite at 500 degrees Fahr. (260 degrees Cent.), this con- 
tribution is not more than sufficient to make up for the rapid loss 
in hardness accompanying decomposition of the martensite pro- 
duced at the time of the quench. 


IMPACT STRENGTH 


The changes from brittleness to toughness in steels are in 
veneral so sensitive that the measurements of impact strength 
might be expected to cast some light upon what takes place struc- 
turally during the reheating of these alloys. Accordingly groups 
of five or six identically treated specimens were made up and 
broken—each group representative of one of a number of reheat- 
ing temperatures, all having been quenched from 1425 degrees 
Kahr. (775 degrees Cent.) in oil. 

On account of the susceptibility of impact strength measure- 
ments to the slight surface imperfections and other differences 
beyond the control of the heat treater, it has always seemed ad- 
visable to have a number of values for a single point which may 
be averaged in order to reduce experimental error. The impact 
values used in plotting Fig. 8 were obtained from % inch square 
unnoteched bar on a Charpy machine. The departure of the in- 
dividual readings from the reported mean is satisfactorily small. 
As might have been expected, the chart of Fig. 8 shows that the 
impact strength is at a maximum at about 450 degrees Fahr. 
(230 degrees Cent.) a temperature corresponding quite closely 
with the greatest preliminary shrinkage. The impact value falls 
off rapidly with a higher reheating temperature corresponding 
to the range of the destruction of ductile austenite. 

Reheating of the steel to higher temperatures causes a very 
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rapid and enormous increase in impact strength, correspo: 
approximately to the condition of annealed steel. The i 
value for 650 degrees Fahr. (345 degrees Cent.) is not show 
the chart, although measured, for the reason that it was rath 
great to be plotted on the same chart with the others, and also 
because the individual values were somewhat erratic. It wil! he 
noticed in Fig. 8 that the impact maximum at 450 degrees ahr 
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Fig. 8 — Charpy Impact Values on 
%-inch Square Specimens of Steel No. 1 
with Various Tempering Treatments 
Quenched at 1425 Degrees Fabr. 
230 degrees Cent.) and the impact maximum at 550 degrees 
Fahr. (290 degrees Cent) both occur at a temperature about 50 
degrees higher than that observed on the length change charts 
for what is believed to be the same condition in the steel. The ex 
planation for this 50-degree discrepancy doubtless may be found 
in the ciréumstance that the length-change measurements must 
of necessity always be measured on the same bars successively re- 
heated—the tempering effect being cumulative—whereas obvious!) 
the impact specimens have had but the single reheating. The 
time of holding the specimens at any given temperature was tlie 
same in each case—one-half hour. 

The authors find a rather disturbing condition at the 55) 
degree Fahr. (290 degree Cent.) point which appears to be a ver) 
critical one for impact value. Regardless of the care to insure 
perfect duplication with which twelve specimens are heat treated, 
there is always considerable disparity in the impact for this partic 
ular tempering temperature. The values obtained may be grouped 
quite easily into two classes, high and low. This appeared to bh 
a very discouraging circumstance, but it can probably be ex 
plained by the extremely unstable nature of the martensite pro 
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iuced by the decomposition of preserved austenite. If it remains 
artensite, it will contribute greatly to brittleness, but in all 
ibility at this relatively high temperature, the martensite 
reely formed until it decomposes into the tougher troostite. 


CHARACTERISTIC AUSTENITE LINES 
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Fig. 9—X-ray Crystallograms of the Variously Tempered Specimens. Note Disappearance 


\ustenite Lines above 500 Degrees Fahr. 

In the realm of heat treatment, experimental accuracy is scarcely 
great enough to obtain any large number of specimens in just 
the condition to show the brittleness of martensite. A few speci- 
mens will have continued the sequence of changes far enough 
to achieve a considerable impact value. Whether or not this is 
the correct explanation for the vagaries of the impact tests at 
the 550 degrees Fahr. (290 degrees Cent.) point, it does at least 
onform with the idea of the ephemeral nature of martensite 
roduced by the decomposition of austenite in these steels, 
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X-RAY STRUCTURE 





Through the courtesy of the Union Carbide and Car! 
search Laboratories, Long Island City, N. Y., a number of 
erystallograms of steel No. 1 were made. Samples from 
tire series of tempering temperatures were exposed—all que: 
from 1600 degrees Fahr. (870 degrees Cent.). The three er 
tallograms from specimens tempered at 200 degrees Fahr. di 
grees Cent.), 300 degrees Fahr. (150 degrees Cent.) and 40 
degrees Fahr. (205 degrees Cent.) all showed easily recogniza}h 
austenite lines superposed over the alpha iron lines of the marte; 
site. But no austenite lines are to be seen in the cerystallovrams 
of specimens tempered at 500 degrees Fahr. (260 degrees (ent. 
or above. 


For convenience, in Fig. 9, there are shown the erystallograms 
extending vertically above the temperature of tempering corr 
sponding to each film. The disappearance of the austenite lines 


may easily be seen sharply between the 400 degrees Fahr. (205 
degrees Cent.) and the 500 degrees Fahr. (260 degrees Cent 

tempering temperature. The characteristic expansion is shown 01 
the same chart. 

CONCLUSIONS 


1. The addition of a small amount of alloy (e. g. 1% pe 
cent manganese or 1 per cent manganese with about 1% per cent 
chromium) causes the steel to harden deeply with the mild oil 
quench. The hardness is not modified materially by the quencl 
ing temperature employed. 

2. These steels are softened by tempering back in much the 
same manner as carbon steels—irrespective of quenching temper 
ature there is no secondary hardness to be observed. 

3. Austenite is retained copiously in the steels when oil 
quenched ; the amount increasing with the quenching temperatur 

4. The austenite of this class of steels is decomposed at 
about 450 degrees Fahr. (230 degrees Cent.) in the course of 3) 
to 45 minutes. 

5. The dimensions of these steels—as for instance in car 
fully made precision pieces—varies markedly with the tempering 
temperature and without sacrificing hardness a proper tempering 
temperature can usually be applied so that the final size—cleaned 
of scale, is very near that of the original work, 
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DISCUSSION 


Dr. J. A. MATHEWS: The authors of this paper have been cont 
a very interesting and informing series of papers, of which this is not 
interesting, on various of the alloy steels. This particular paper j 
something that I would like to call to your attention, namely, the la; 
might call it, between the art and the science. This type of steel was ): 
first about 21 years ago, at least, in this country. It was at that { 
‘*Ketos’’ steel was introduced, and its properties as outlined in t} 
from a practical point of view and so far as its use value was « 
were known at that time. The explanation of what those practical p: 
were due to had to await for some of the work on retained austenit 
steel had ‘‘peculiar’’ properties of great practical value, but we did: 
why. 

There is one idea that might be inferred, or one inference that 
drawn from this paper that I think we should also mention. We mig 
that this steel can be handled rather carelessly and hardened over wid 
of temperatures without much difference in the practical result. It i 
ception to my favorite rule that constant conditions give constant 
The degree of expansion on hardening and the degree of contraction t 
follow upon tempering will vary somewhat with those initial tempe: 
[ have noticed in some cases where experiments similar to Mr. Bain 


aS 


Mr, Grossmann’s were carried on that the steel seems to actually underg 


contraction to somewhat smaller than its initial dimension, and in o1 
there seemed to be two temperatures at which it crosses that line. The 


for contraction actually goes below the base line, and at a little higher t 


perature, when expansion begins, it comes up; so, theoretically, there n 
two points at which it attains its initial size. 


[ hope the authors will continue to give us papers of this kind on 


kind of products. 


M. H. MEDWEDEFF: I was very much interested in the paper by the tw 
authors whose contributions are always of real interest. I am however 


prised to learn that the authors found that the steel represented by th 


analysis of their No. 1, ‘‘remains quite fine even in the specimen quenched fron 


if 


1650 degrees Fahr.’’ We find this statement contrary to our experience. 01 


the so-called ‘‘ brands’’ of the non-deforming tool steels, the straight manga: 
type are decidedly subject to overheating. We have learned this fact thr 








considerable grief, through the loss of several tools and the quenching tempe1 


tures of these tools was but slightly over 1475 degres Fahr. An examinat 
fon] e aS 


of the fracture in these failures revealed a coarse overheated structure. 


On the other hand steels of the No. 2 type are almost fool proof in 


hands of the average hardener, they can be heated to past 1500 degrees 


1. 


hr 


without showing signs of coarsening of the grain and we have never hai 


failure in tools made from the latter type due to overheating. So that ws 


much safer when we make a die of the No. 2 type, having the assurance that 
will come out in one piece in case the heat treat man does not happen to 
so good, or the pyrometer is off 50 degrees Fahr. So that we are thoroug!) 


sold on the preference of using non-shrinking steels with slight addition: 
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um and tungsten and preferably also vanadium. There is a well known 
n cont ts st pproaching the type composition of No. 1, but has the decided advantage 
S not { ie .» i+ in that it has a small amount of vanadium in it, which makes it also Jess 
per il b : + to over heating. 
the la = that I would recommend to all manufacturers of the non-shrinking 
was . 4 ld ty of steel that the type composition include small amounts of chromium 
that + : aad ingsten and also vanadium or at any rate vanadium alone. 


in thi Author’s Closure (Mr. Bain) 


in closing, I wish to thank these gentlemen for their complimentary re- 
; and to say a word further about the expansion of the steel upon quench- 
[ think it might be possible to heat the steel in such a manner as to reduce 
first expansion observed and increase the second. It would be acconiplished 
heating to the temperature of maximum carbon solubility just below the 
lus. This would produce an austenite of maximum stability and conse- 
tly after the quench there would be less martensite in the resulting 
ture, Austenite is comparatively dense, hence our original expansion might 
ess. It should be remembered that in the order of density we have the 
bide phase, austenite, ferrite and martensite, the last named being the most 
minous. It usually happens with the carbides wholly precipitated in high 
mn alloy steels that the ferrite plus carbide condition is more dense than 
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if we could contrive to increase the proportion of austenite to a very 
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e. The 
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value, then we probably should not observe very great expansion upon the 
nch. In that ease, as Dr. Mathews pointed out, the release of the austenite 
0 or 459 degrees Fahr. would enormously increase the volume. 
there may In reference to the discussion regarding coarsening of the steel during 
treatment, what we may find depends entirely upon time and temperature 
this, in turn, upon the size of the work being hardened. lf a long period 
heating is required so as not to overheat the corners and delicate contours 
en probably time has elapsed at elevated temperature so that grain growth 
take place excessively, but it has been my experience in general that this 
el does not exhibit very strong tendencies toward exaggerated grain growth 
proper quenching temperature. 
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rience. Of al In connection with the other suggestion, vanadium additions to this steel 


ld, I should say, be valuable in small amount. Indeed I am of the opinion 
such additions are not unknown at present. Tungsten, no doubf, con- 
tributes some beneficial properties also. As far as chromium is concerned we 
infer something of the effect from consideration of the steel No. 2 in the 
iper. Chromium contributes to the preservation of austenite by an entirely 
ferent mechanism from that which enables manganese to preserve austenite. 
ndamentally the chromium actually operates against a wide range of stability 
r austenite; it narrows the temperature range—being one of that class of 
ements which is more soluble in alpha iron than in gamma iron. Alloys 
ntaining chromium develop a reluctance toward any changes in this manner; 
less drastic quenching permits the chromium bearing austenite once formed 
be retained. However, chromium is a remarkable hardening agent in steel 
ind no doubt increases resistance to abrasion. 
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ALUMINUM BRONZE—AN ACID RESISTING MATE RIAL 
By W. M. Corse 
Abstract 





The practically wmportant aluminum bronzes ar 
those containing less than 11 per cent aluminum. Soun 
aluminum bronzes have been available for industrial us: 
only since 1913. They are extremely valuable in pos 
sessing—in addition to the tensile properties of medium 
steel—a far greater resistance to corrosion, wear and 
fatigue than such steel. Aluminum bronze may be 
forged and machined with practically the same equip 
ment as for steel. With proper care and fluxes it may 
be welded. It is especially useful in the chemical in- 
dustry, being only slightly affected by concentrations 
of sulphuric acid up to 75 per cent, and of cold hydro- 
chloric acid up to 5 per cent. 


Properly designed castings have been made to stand 
a hydraulic pressure of 1000 pounds per square inch. 


LUMINUM bronze is of comparatively recent origin. It was 

first prepared by Lord Perey, an English chemist, about 75 
years ago. It was known as aluminum-gold at the time and was 
recognized as a valuable discovery, but the high price of aluminum 
made it impossible to produce the new alloy in commercial quan 
tities, and for years it was regarded as a curious laboratory pro 
duct rather than a commercial possibility. 

A close study of the available bibliography covering the period 
discloses only vague references to the new alloy by various re- 
search chemists until 1887, when the electrolytic method of pro- 
ducing aluminum brought the price of the alloy within practical 
commercial bounds. 

The beginning of the century found English, French, German 
and American metallurgists working on the new bronzes, and in the 
first decade of the present century Dr. Leon Guillet, a Frenchman, 
advanced a valuable premise which established a basis from which 
to work. His theory was, in substance, ‘‘that the copper-aluminum 
alloys which can be used industrially are those which contain less 





A paper presented under the auspices of the Cleveland Chapter of tli 
American Society for Steel Treating at the Wednesday afternoon technical 
session, May 10, 1926, in cooperation with the Chemical Equipment and Machin 
ery Exposition, Cleveland Publie Auditorium, Cleveland. The author, W. M 
Corse, is metallurgical engineer, Washington, D. C. 
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1926 ALUMINUM BRONZE 899 
than 11 per cent and more than 94 per cent aluminum, i. e. those 
which oceur at each end of the series.’’ This premise has been gen- 
erally supported by succeeding researches, particularly at the cop- 
per end. 

The best piece of scientific research on the subject was carried 
out by Carpenter and Edwards in England and published as the 
eighth report to the Alloys Research Committee of the Institution 
of Mechanical Engineers of Great Britain in 1907. This was fol- 
lowed by a research on copper, aluminum and manganese alloys by 
Rosenhain and Lantsberry and published as the ninth report to 
the same institution in 1910. These two researches, particularly 
the eighth report, constitute two of the finest pieces of scientific 
work ever done on any series of alloys, and confer great credit on 
their authors. 

Read and Greaves in England pursued other investigations on 
the effect of nickel additions, and in the United States the com- 
mercial development of the aluminum bronzes commenced active- 
ly in 1914. About 1916 aluminum bronzes containing iron as a 
normal ingredient were produced commercially. Several articles 
were contributed to the technical press on the subject by Corse 
and Comstock cooperating with Vickers. 

The Societe des Alliages of Paris, France, has also carried 
on extensive experiments and recently has published a brochure 
on aluminum bronze which summarizes the results of experiments 
covering a period of years. Their conclusions and results today 
practically coincide with those obtained by other investigators. 

It has been conceded and generally recognized that the alloys 
of high copper content have a broad field of usefulness and the re- 
searches of the metallurgists have disclosed the amazing fact that 
these bronzes apparently combine properties which usually occur 
separately in other metal. Among these properties are 

(1) the mechanical characteristics of common steels, 

(2) marked resistance to corrosion, 

(3) resistance to wear and alternating stress, and to re- 
peated shocks higher than steel of equal tensile strength. 

With such a wealth of valuable properties it is not to be 
wondered at that scientific investigation of aluminum bronzes was 
indertaken seriously on a large scale. It was, however, necessary 
to overcome three major difficulties before a sound commercial pro- 
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duct could be produced at a reasonable cost. These were: 
(1) shrinkage at solidification, 
(2) gaseous discharges at the moment of solidificati 
(3) the freeing of the alloy from alumina. 
The second item—gaseous discharges at the moment of soli 
tion—was especially difficult to overcome, and an American | 
lurgist, Vickers, ultimately discovered a method of removing 
from this metal thus permitting the production of solid east 
Vickers also discovered and patented an alloy of copper-alun 
containing iron which had superior properties to the binary 
of copper and aluminum alone. 

Prolonged researches on both sides of the Atlantic cor 
these difficulties eventually, and sound aluminum bronzes of va 
ing compositions were available for industrial use as early as 1913 
About this same time metallurgists and manufacturers saw th 
broad field of usefulness of the new aluminum bronzes. In 1915 
the Ford Motor Company adopted aluminum bronze for the worm 
wheel in their truck which came onto the market about that time, 
and fifteen million pounds have been used in that item alone. 

With this impetus, research and development proceeded rapidl) 
and was only halted by the continuance of the World War. When 
it was commercially resumed, after the cessation of hostilities, the 
trend was toward the production and perfection of corrosion 
resisting alloys. 

In 1925 the Duriron Company formed a subsidiary compan) 
known as the Aleumite Corporation for this purpose. The main 
activity of this corporation is the manufacture of corrosion 
resistant metals particularly the aluminum bronzes containing iron 
and known as Aleumite. The basic rights to these metals are 
secured to them by the Vicker’s patent mentioned above. ‘The 
research department of that company is daily accumulating scien- 
tific and service data pertaining to these alloys. At this point it 
may be well to mention that these alloys of high copper content 
should not be confused with the aluminum bronze used for paint, 
which is a powdered metallic aluminum. 

Aluminum bronze has several outstanding properties of which 
the most important is corrosion resistance. It has a tensile strength 
of seventy-five to one hundred thousand pounds per square incl; 
it ean be forged, sheared, machined, and, in fact, fabricated with 
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ALUMINUM BRONZE 901 
practically the same equipment and tools as steel. In addition, 
. available in almost all standard forms. In addition to being 
manufactured in the form of exhaust fans it is particularly adapt 
le to the construction of ducts for handling gases. Joints are 
m either by erimping or riveting and it is possible to solder 
‘he joints by the use of a special phosphor copper or to weld the 
heavier gages with an acetylene torch. These ducts have been in- 
stalled in a sub-station battery room of one of the large power 
companies. Aluminum bronze fans and ducts are used in pickling 
rooms, storage battery rooms (where the hydrogen given off by 
rving the batteries entrains appreciable quantities of electro- 

_ dry kilns, laboratories, and many other places. 

Aluminum bronze plays an important part in the fabrication 
of erates, racks, and other equipment for pickling steel parts in 
sulphurie acid. Typical baskets for small forgings or stampings 
are of riveted construction made up of angles and perforated sheet. 
\lany other types of baskets are used and may be made up of cast- 
ings, rods, or woven wire. Large pickling racks for pickling steel 
sheets are usually composed of a single casting, sometimes weighing 
a ton or more. 

Aluminum bronze is being cast or fabricated into various forms 
of chemical apparatus and is particularly desirable for the con- 
struction of stills, autoclaves, piping, valves, and a multitude of 
other equipment. One particular type of still is used in the manu- 
facture of eaproic acid which is highly corrosive and odoriferous. 

The chemical and steel industries use wood tanks for handling 
muriatie or sulphurie acid. These tanks must be held together 
with rods, and frequently bolts and lag screws are used in their 
construetion. Ordinary steel rods last only a short time and the 
practice of covering them with lead has not been satisfactory, due 
to the fact that the acid finds its way between the steel rod and 
the lead covering, and corrodes away the steel. This type of alum- 
inum bronze makes an excellent material for tie rods, bolts, and 
other tank parts. 

The filter press frame is another instance of the application 
of aluminum bronze to chemical work. Its resistance to acid solu- 

ns makes it a valuable addition to the available materials. 
Aluminum bronze is readily produced in the form of scoops 
| shovels which are being used for handling copper and nickel 
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sulphate crystals saturated with acid and mother liquor, as \ 
for a wide variety of other acid salts and sludges. Unde: 
ditions where steel shovels last only a few days these scoop 
shown no sign of corrosion or wear after six months’ servic 

Pumps, of course, are quite essential equipment in the many 
facturing and handling of heavy chemicals. <A typical example of » 
pump with the liquid end made of aluminum bronze is many 
factured from the standard design of the American Steam Pum) 
Company of Battle Creek, Michigan, and, together with a number 
of others, is in use in the water purification plant at Calcutta, Indis 
handling water with a chlorine content of one part chlorine to on 
hundred parts water at a temperature of 100 degrees Fahr. Vari 
ous other types of pumps are made, including single acting, rotar 
and centrifugal. 


Standard gate valves are regularly manufactured and find a 
wide variety of uses, one of the most important of which is in hand 
ling sludge acids in oil refineries where very corrosive conditions 
exist and ordinary iron or brass valves last only a short time 

The largest field of usefulness so far for acid resisting alum 
inum bronze is with sulphuric acid. Experiments show that it is 
only slightly affected by a concentration of sulphuric acid up to 
about 75 per cent. Aluminum bronze is, however, never recom 
mended unless the acid is cold or at room temperature, as a ver) 
marked action is shown with the use of more concentrated solutions. 
Experience has shown that the maximum corrosion occurs between 
ten and fifteen per cent concentration, but is so slight that, ex- 
pressed in depth of corrosion per year, it would amount to only 
about fifteen thousandths of an inch. 

Aluminum bronze is one of the best available materials for use 
with the weaker hydrochloric solutions, and at room temperature 
is only slightly affected by concentrations as high as 20 per cent. 
With boiling solutions aluminum bronze can be used satisfactorily 
with concentrations of 3 to 5 per cent and sometimes economically 
at slightly higher concentrations, although the corrosion increases 
materially with high concentrations of hot acid. 

Aluminum bronzes of the proper chemical composition—say 
copper base with some 7.5 to 10 per cent aluminum and about 3 to 
3.5 per cent iron with small amounts of manganese and nickel 
added, depending on the purpose for which they are intended,— 
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1926 ALUMINUM BRONZE 903 
are inherently resistant to a wide variety of corrosive influences, but 
¢o obtain the maximum resistance the utmost care must be taken to 
‘sure correct and uniform analysis and sound homogeneous 
castings. 

Interest in the subject of corrosion has become increasingly 
evident, if one may judge from the numerous articles appearing in 
the technical papers in the press. Various technical societies have 
conducted symposiums on the subject in the last few years, and 
several new and valuable books have been published recently or are 
on the press at the present time. 

The interest in the subject mentioned above, has, however, 
stimulated research which has resulted in a much clearer under- 
standing of the fundamentals of corrosion. This, in turn, will 
inevitably lead to commercial development which furnishes the 
practical man his reason for supporting research in pure science. 

We have traced the development of aluminum bronze from 
its discovery in 1855 by Lord Perey until the present day. 
Foundries in the United States, Europe, Great Britain and Japan 
are producing aluminum bronzes of slightly varying compositions 
that resist corrosion to a greater or less degree. There remains, 
however, the none too easy problem of production and design, for 
the alloy in ingot form is of little more use to industry than was 
the old original aluminum bronze of Lord Perey’s discovery. 
Production and design problems are being faced by all users of the 
new aluminum bronzes. 


PRODUCTION AND DESIGN PROBLEMS 


Usually it is a difficult matter to prevent porosity in making 
castings of aluminum bronze. This has been largely overcome 
through the development of the specific alloys and through working 
out of special foundry practices. Castings, when correctly designed, 
can be poured to withstand a hydrostatic pressure of 1,000 pounds 
per square inch. 

Design is an important factor owing to the tendency toward 
high shrinkage and rapid setting from the molten point even when 
poured at about 2150 degrees Fahr.,—the correct pouring temper- 
ature. Setting begins to take place at approximately 1850 degrees 
Fahr. The castings should be as nearly uniform in thickness as 
possible, and where it is necessary to change sections the change 
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should be gradual. Bosses, heavy ribs and other character 
design that necessitate unusual volumes should be avoided 

It is advisable to keep the minimum section at 3 inch or 
in order to insure pressure-tight castings. Castings so d 
that the metal must flow through the mold for any cons’ 
distance is not good practice. The flowing molten metal] 
tendency to form oxides which are apt to result in segrec 
dross and, in consequence, porosity results. In some instances ; 
advisable to change patterns that are submitted for eastinos jy 
order to provide for gating that will insure an adequate 
metal into the body of the mold. 

These points are mentioned more to bring out the importance 
of correct design and the fact that conditions peculiar to 
of the aluminum bronzes must be observed to get results. 

Machining involves consideration similiar to those for a medi 
carbon steel, though a slightly longer time element is involved tha 
is the case with either steel or ordinary 88-10-2 bronze. A 
speed of approximately 80 feet per minute is good practice. Ap 
parently a carbon steel works to better advantage when it is give 
plenty of clearance and is kept sharp. 

The new aluminum bronzes are readily forgeable, but the) 
require a somewhat different treatment than either steel or other 
nonferrous metals. The power required for rolling it is 40 to 50 
per cent in excess of that needed for a corresponding reduction of 
earbon steel, but it can be rolled into shapes or drawn into wir 
as small as 0.005 inch. Spinning and drawing are possible to an 
unusual depth, but here again the longer time element must be 
observed in obtaining proper results. 

The welding of aluminum bronze is more difficult than weld 
ing either brass or copper because of the presence of a film of 
aluminum oxide on the surface of the material. It is difficult and 
often impossible to reduce this film and it must, therefore, be 
fluxed off. The oxyacetylene process has been tried and found 
to work fairly well when proper care and fluxes are used. [lie 
hydrogen are welding processes, utilizing atomic hydrogen, seem 
to hold the most promise, and quite satisfactory experimenta! 
welds have been produced by them. 

The welding of aluminum bronze is still somewhat in the ex 
perimental stage, but, even so, satisfactory welds can be pro- 
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ALUMINUM BRONZE 


for certain types of work at the present time. 
\luminum bronze has one particularly advantageous trait in 
that equipment, at present manufactured from other materials, 
be built of it with minor changes of design only plus slight 
nges in total equipment. Many standard pieces of equipment 
aye now being entirely manufactured of aluminum bronze, using 
tools and other production equipment originally designed for 


One outstanding advantage of constructing a machine (in- 
cluding bolts, rivets, or small parts) entirely of one material, 
especially where resistance to acids and other corrosives is of 
yrime importance, is that the possibility of electrolytic action is 
avoided. 

As yet, the aluminum bronzes are not well known, but engi- 
neers are beginning to find out that a bronze with the strength 
f steel is available and new uses are being found for it every day. 

As set forth above the outstanding uses for aluminum bronzes 
are for corrosion resisting apparatus, for structural parts requir- 
ing resistance to fatigue, and for machine parts to resist wear 
such as worm gears. Aluminum bronze has also proved satisfactory 
for certain types of acid valves and for parts requiring strength 
exposed to sea water such as rudders, propellers, pumps and engine 
hase castings. 

Like all other metals that are being put to new uses, the alum- 
inum bronzes present the problem of when and where to use them 
in equipment, but preliminary trials in new fields will usually in- 
dicate the direction of its best application. 















DESULPHURIZATION 


Slags, Fluxes and Desulphurizers 
By E. J. Lowry 


Abstract 





The author in this paper discusses slags, fluxes and 
desulphurizers and is of the opinion that a secondar, 
function of these three factors is temperature which 
plays a most wmportant part. The writer sets forth by 
means of tables and a resume exactly what work was 
performed and what fluxes were used in the production 
of the report gwen. He is of the opmion that the con. 
clusion of all of the subject matter contained in th, 
paper may be drawn from those statements surrounding 
the chemistry of the slag and the fluxes used to dissolv. 
the refractory compounds. The fluxes have definit: 
lines which divide them into the classes which produc: 
(1) proper slags; (2) proper slags combined with an 
efficient desulphurization; and (3) improper slags. Th 
paper contains certain experiences, results and con- 
clusions which the writer feels may be of interest and 
value to future investigators. 





















PREFACE 


HE three sub-titles of this paper are essentially correlated due 
to the fact that one without the other cannot be perfectly 
attained. The secondary function of these three is temperatur 
which is a formidable part in the production of a finality. In other 
words, the equilibrium of a slag is produced by fluxes, which re- 
act in the mode of desulphurization but whose efficiency is de 
termined by the temperature thereof. In order that a complete 
knowledge of the disposed facts may be had, one must pursue the 
adequate reasons and examples of slags and fluxes that conclusions 
may be drawn in the desulphurization of steel. 





OBJECT 





The object of this paper is to set forth certain experiences 
and other efforts which will perforce give to future investigators 


A paper presented before the eighth annual convention of the Society, 
Chicago, September 20 to 24, 1926. The author, E. J. Lowry, is metallurgist 
Hickman, Williams and Company, Chicago. 
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eeptain figures and results on which to work. The results are far 
‘rom complete but they interlace with other investigations, thus 
»aking them of some constructive value. 


lia 


THE ACTION OF THE ELEMENTS AND THE SLAG 


he first definite relation in slags is that of the ‘‘acids to the 
hases.”’ This is an essential feature which one must bear in mind 
as regards desulphurization as well as physical consistency. It is 
» known fact that where the acids are ‘‘high’’ the power of de- 
sulphurization in a slag is low. Therefore the first principle in a 
desulphurizing slag is to have the bases in preponderance. But the 
action of acids to bases does not end at this point. Around them 
revolve the question of fluidity or viscosity of the slag and further 
the purity of the steel in accordance with the slag analyses. 

The physical qualities of a slag are dependent upon its chem- 
ical analysis plus the temperature. Upon the former also depends 
the ability of a slag to perform certain requisites. We must there- 
fore take up in a limited manner the elements in slags. 

There have been various attempts to study slag reactions and 
the elements. The elementary reactions which are involved may be 
expressed as follows: 

(1) Si+ 2FeO = SiO, + 2Fe + 65 Calories 

(2) 2P + 5FeO = P,O, + 5Fe + 37 Calories 
(3) Mn+ FeO = MnO + Fe + 26 Calories 

(4) C+ FeO—CO + Fe — 36 Calories 

The following reactions which are secondary may be set up 

according to 
(5) C+ MnO =2CO + Mn-— 63 Calories 
(6) 2P+5Mn0 2 P,O, + 5Mn — 94 Calories 
(7) 5C+ P,O, = 5CO + 2P — 220 Calories 

The slagforming compounds expressed in their possibility to 
have reactions which profoundly influence the manufacture of steel 
may be as follows: 

(8) 2CaO + SiO, = 2CaO.S8i0, 

(9) 4CaO + P,O, = 4Ca0.P,0, 
(10) SiO, + 2CaF, = 2CaO + SiF, 
(11) 2CaF, + 2S8i0, = SiF, + Ca,Si0, 

An almost indefinite number of reactions may be written for 
calcium fluoride (CaF) in slag but those expressed in (10) and 


11) will serve the purpose for this discussion. Calcium oxide and 


‘alecium fluoride are shown here because they are the fluxes now in 
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prominent use in the steel making industry. The calcium 
may be used as such (burnt lime) or it may be charged in 
furnace as the carbonate, which is the most common method 
calcined in the furnace. The result of this is to cause the foll: 
reactions to take place: 

(12) CaCO, = CaO + CO, 

(13) 


and CO, + C = 2CO 


The latter is an important reaction from the standpoint . 
furnace charge because it requires a higher carbon metal to be 
on the intial charge when compared to the burnt lime heat. 

The lesser known fluxes such as those of the sodium base, when 
used, may have the following reactions. 


sec 


(14) Na,CO, + SiO, = Na,SiO + CO, 
(15) 4NaF + 38i0, = 2Na,Si0, + Sif, 

According to Colclough, the first three reactions given in (| 
set are ‘‘balanced’’ and capable of reversing their direction. As hi 
states ‘‘(a) the reactions may proceed, not to completion, but to an 
equilibrium or even be reversible, (b) secondary reactions may be 
set up between different constituents of the system, (c) definite 
chemical compounds formed by secondary reactions may interfere 
with the progress or equilibrium of the primary reactions.”’ 
Further, because of these conditions, the solution of the problem 
lays in determining (1) the state of equilibrium of these reactions 
and their constants; (2) the influence of the various factors upon 
these cofistants and on the rate at which the reactions oceur. ‘‘The 
constitution of the slag is probably the most important factor con- 
trolling the main reactions (1) to (7).’’ 

In proving his contentions he ran a series of tests which were 
not isolated and from which he extracted three class examples (| 
a heat with a ‘‘thin’’ slag, i. e., one of low basicity ; (2) a heat with 
a ‘‘very thick’’ slag, i. e., one of high basicity and (3) a ‘‘medium”’ 
slag, i. e., between the extreme limits of 1 and 2. The carbon and 
phosphorus contents at the beginning of the heats were: 


Carbon Phosphorus 
Per Cent Per Cent 
a pga cueswngs neha «es 1.40 0.320 
D iwece cubiseteidese 1.38 0.600 


-hneeehhh enone eee ‘ 0.196 


As heat No. 1 proceeded with additions of tap-cinder the phos 
phorus dropped from 0.32 to 0.21 per cent while the carbon fell 
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from 1.40 to 0.10 per cent. In the second heat, with no ore or 
nder additions, the phosphorus dropped to 0.030 per cent while 

‘arbon was only removed from 1.38 to 1.03 per cent. The third 

experienced a constant fall in both elements, the carbon go- 

» from 0.40 to 0.14 per cent as the phosphorus went from 0.196 
‘0 0.090 per cent. The conclusions drawn from this experiment 
‘‘Consideration of these facts shows that, although from 
thermo-chemical data it would be inferred that the oxidation of 
phosphorus would precede carbon, in practice the relative rates of 
oxidation of carbon and phosphorus depend, primarily upon neither 
thermo-chemical nor mass considerations but upon the composition 
of the slag, the controlling factor being the presence or absence of 
basic oxide to combine with P,O, as it is formed.’’ Inasmuch as 
the oxidation of phosphorus and its subsequent joining with the 
‘aleium oxide has an important bearing on the slag consistency, the 
expressed feature of Coleclough’s paper has been mentioned. The 
fact that medium and heavy amounts of lime are required to hold 
this impurity in the slag after oxidation and these weights are in 
proportion to percentages of the element present in the metal 
charge, the volume and consistency of the slag is again influenced 
by the phosphorus. 

Inasmuch as the basic open-hearth process of manufacture of 
steel and the building up of a proper slag is essentially one of oxi- 
dation plus the type of charge, the solution seems simple. The 
oxidizing materials used are iron ore and the gaseous flames pass- 
ing through the furnace. The carbon dioxide from the breaking 
up of the limestone also aids in this function, seeming to especially 
relate itself to action with the carbon. 

This latter material does not materially aid in the building up 
of the slag volume. Dichman states that because of this element 
prolonging the heat and causing deterioration in the furnace struc- 
ture the slag volume is increased 2.15 per cent. This may or may 
ot be a hypothetical conclusion. The real slag builders are silicon 
and phosphorus. It has been shown that 1 per cent of silicon in 
the charge yields 10.23 per cent final slag while 1 per cent of sand 

SiO,) on the material charged produces an additional 4.78 per 
‘ent. It has also been found that for each 1 per cent of phosphorus 
there will be 5.9 per cent of final slag. Colclough’s recent experi- 
ments check very closely to the percentages given even though they 






















































































































































910 TRANSACTIONS OF THE A. 8S. 8. T. De 





are of long standing. 

There are three other functions of a slag _ which 
be mentioned here, (1) the relation of manganese, (2 
holding of sulphur and (3) the iron oxide content. It has \eey 
found that the distribution of manganese cannot be determined by 
any simple factor but is the result of a number of reactions of 
which the basicity and iron oxide values of the slag are important 
factors. From researches and practical experience it has heey 
shown that the higher the base in the slag combined with a low 
amount of FeO, the greater the reduction of manganese by the car. 
bon. In such instances the manganese is left free in the bath to 
aid in ‘‘killing’’ the heat as well as in desulphurization. Con- 
sequently, an effective desulphurizing flux must not be overesti 
mated in its total ability due to this latter effect. The ability o! 
the flux to desulphurize may be limited by the following theoretical 
equation. 


nay 
the 


MnS + FeO = FeS + MnO 


When such an action takes place, the desulphurizing power of 
the bath becomes nil and if at this point a flux continues to lower 
the sulphur, it becomes an active agent. If the manganese is suc. 
cessful in combining with sulphur, the compound MnS rises to slag 
where it may be there oxidized to MnO and SO,. The latter will 
escape to the stack of the furnace. These phenomena will only oc- 
eur, however, when the FeO is extremely low in the slag. 

The oxides of iron are introduced in the furnace as corroded 
material, cinder or mill scale, iron ore. It has been definitel) 
shown that the addition of such oxides give a thinning effect to 
the slag. An excellent example of the reaction which takes place 
is shown in the reheating furnaces of rolling mills. The condition 
in such a ease, is the combination of the silica sand floor with the 
mill seale falling from the ingots, a very fluid slag results when 
the combination of two takes place. But the oxide is not used for 
the purpose of obtaining good slag viscosity. Rather it is used to 
oxidize the elements as shown in the first group of four analyses 
From what has been shown in the cases of sulphur and manganese, 
it becomes important then that the amounts given to the bath should 
be limited to the requirements of oxidation of the impurities. In 
the slag the oxides may be present as either FeO and Fe,0O, or 
FeO / Fe,0,. There seems to be no fixed relation between the two. 
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'n all of the heats performed in this experiment as well as others 
‘he ratio of one to the other changed as the CaO content grew and 
the slag thickened. 


P 
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An important experiment which was performed to show the 
“eet of acids on the per cent of iron in the slag is given below: 


(Si0,/P,0;) 
Per Cent 


Iron in Slag 
Per Cent 


16.59 15.255 
13.85 15.70 
12.30 16.95 
12.25 17.10 
12.08 17.15 
11.40 18.35 
11.00 18.90 
10.68 22.10 

CaO MgO 

[ron in Slag Si0,/P,0, 

Per Cent Per Cent 
16.59 3.21 
13.85 3.2] 
12.30 3.10 
12.25 3.01 
12.08 3.01 
11.40 2.90 
11.00 2.78 
10.68 2.33 

This experiment also immediately shows the effect of altera- 


tions of acids to bases and the effect upon the iron in the slag. This 
relation of acids to bases plays an important part in the effective- 
ness of a slag as regards its viscosity and its power to desulphurize. 

It may seem rather strange that the discussion given is the 
preface on fluxes and desulphurization but experience has shown 
that without a slight knowledge of the reactions of the steel making 
process in relation to slag a misconception of fluxes and desulphur- 
izers may easily be had. 

The conclusions from this substance which bear upon the sub- 
ject of fluxes and desulphurizers follow: 

1. The slag volume is influenced by the chemistry of the 
metal charged, i. e., the higher the phosphorus and silicon, the 
higher the lime volume. 

2. The viscosity of a slag is related to ‘‘acid’’ and ‘‘base’’ 
ratio, i. e., the greater the basicity, the thicker the slag in the basic 
process and vice versa in the acid process. 

3. The viscosity of slag is also changed by the iron oxide 
present. 

4. The sulphur reduction is a function of the reactions of 


‘ 
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manganese which is restricted by the iron oxide present in th 
o. The ‘‘working’’ of the heat is directly related to th 
analysis. 


FLUXES 





A flux is used in the basic steel making process to ge 
fluidity to the slag of such a nature that it will drain easily 

the furnace. The properties of a flux should be, (1) that it 
duce a slag having a low freezing point; (2) that it have a \ 
ical composition of great activity ; (3) that its weight per cubic 
be heavy; (4) that it carry some amount of moisture (the 
should not dissolve readily in water); (5) it should not volatiliz 
readily or give off fumes and (6) it should not have any great power 
to attack the brick work of the furnace. 

The most commonly known fluxes are (1) calcium fluorid 
(fluorspar); (2) calcium chloride and (3) sodium alumi: 
fluoride (eryolite). Of these, fluorspar is the one which is most 
widely used. Such fluxes are used to lower the freezing tempera 
ture of the slag and to aid in desulphurization. The amount used 
per heat varies with werk required performed on the slag. Some 
heats will require no flux while others take heavy quantities. 

This variation is largely due to the compounds in the s| 
These compounds include the system CaO, FeO, SiO, which is the 
most important one. The way calcium fluoride acts on this systen 
is a good illustration of the reason for the use of a flux. The fluor 
spar is usually added after all ‘‘the lime is up’’ and the time is 
right to prepare for a finishing slag. The lime rising to the slag 
from the furnace bottom, comes up in lumps and remains in ‘‘is- 
land’’ formations unless the temperature is high enough, or some 
fluxing material is used, to ‘‘smooth’’ out the slag. The amount 
of fluorspar used to perform this work varies from none per ton t 
as high as 20 pounds per ton. The average amount of fluorspar use 
per ton of steel (not ingot production) produced is about 6 pounds 
This figure is computed on the yearly production of steel and the 
yearly consumption of fluorspar. 

The fluorspar is shovelled into the furnace and aimed to land 
upon the thick points of the slag as well as the islands of lime 
It usually requires from 2 to 5 minutes, depending upon thie 
temperature, for the reaction of the fluorspar with lime. Just how 
the fluorspar acts is a subject of debate. There is no common agree- 
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among scientists and little concrete data to work from. Some 
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hat the fluorspar reacts in accordance with equation (10). They 
on that if this is true the silicon tetrafluoride (Sif’,) is volatil- 


od and lost. It hardly seems possible that the most acid part of 


‘ux, fluorine, should be lost leaving lime to increase the basicity 


‘+h means the viscosity. 


It is known, however, that some of the 
orine is lost but the amount is an uncertain quantity. 


Another theory is that reaction (10) does take place and that 


Sik 


, is not lost, but that reversible actions are continually tak- 
place between the calcium, silicon and fluorine. 
vay to prove or disprove this idea. 


There is no 


It is an explanation. 


An opinion which explains the action of fluorspar on the lime 
the slag follows: In some instances fluorspar is added to smelting 


Fluorspar which at 2512 degrees Fahr. (1378 degrees 
ent.) is very fluid when melted, and assists in dissolving refrac- 
tory slag constituents. With CaSi0,, e. 
ahr. (1501 degrees Cent.) it forms a eutectic with 38.2 per cent 
CaF,, freezing at 2066 degrees Fahr. (1130 degrees Cent.). The 
reaction 2CaF, 2Si0, SiF, Ca,SiO, by means of which volatile Sik’, 
s to result, is of little, if any, importance. 


g,, melting at 2733 degrees 


This explanation seems to logically hold in the basic open- 


freezing point. 


hearth practice because what actually happens when fluorspar is 
added to a basic slag is that the latter becomes thin and has a lower 
It would be relatively easy to prepare a “‘finish- 
ing’’ slag, if its chemistry and temperature remained constant. 
These factors are variable, however, and make the preparation diffi- 
As the temperature increases, the viscosity of the slag de- 
Ledebur also states that the higher temperatures in basic 
practice increases the bases and decreases the acids. 
available data which might be positive on the score. The changing 
chemistry of the slag is caused by ‘‘cutting of the banks’’ of the 
furnace which has MgO and CaO in its component parts. 


There is no 


A fluid slag will absorb both MgO and CaO from the lining. 


Consequently even after a finished slag has been prepared there is 
a danger of absorption of these two compounds with a resulting 
stiffening of the slag. When a slag holds nearly 60 per cent CaO 
and 40 per cent SiO, it will tend to become solid and inactive at 
open-hearth temperatures of about 2912 degrees Fahr. (1600 de- 
zrees Cent.). If the SiO, is increased the viscosity decreases. 


If 
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the SiO,, however, is decreased particles of CaO will be seen to floa 
on the surface. Of course, in practice, slags contain varying 
amounts of the more fusible bases, MnO and FeO, which act alike 
in the production of viscosity. 

According to Coleclough and Hoffman, the melting point re 
mains quite low until the CaO reaches 40 per cent. After this pojn 
it rises rapidly. The effect of increasing the FeO and lowering 
the CaO in a viscous slag of 60 per cent CaO and 40 per cent Sid 
is to lower the temperature to 2354 degrees Fahr. (1290 dezrees 
Cent.) when 16 per cent of the iron oxide has been reached. This 
slag will be fluid and attack the banks, eating the CaO in order to 
reach its balance. Thus the 8i0, and FeO are decreased by dilu- 
tion and with increased FeO present the SiO, will be less. Camp. 
bell and others concur in pointing out that with less SiO, the FeO 
increases as opposed to CaO. 

Another feature which influences fluidity is the ever changing 
amount of P,O,. There is no accurate data on the freezing points 
of this acid combined with CaO but it is certain that it produces a 
fluid melt. There is a relation of P,O, to SiO, which governs, i. e.; 
the lower the SiO, the higher the P,O,;. Hence, a changing fluidity 
and these causes show why the results are so varying in slag pro- 
duction. 

Fluorspar is also used to accelerate desulphurization. (This 
will be discussed in the next part of this paper) and because of 
this, the question of sulphur in fluorspar pointedly arises. It is 
almost impossible to definitely say that the sulphur does or does 
not go into the steel when it is present in fluorspar. There are too 
many uncontrollable variables which lend to sulphur increases that 
make an experiment of little value unless it is carried out over a 
long period. It might be of some interest, however, to incorporate 
in this paper a test which was conducted to determine the effect of 
sulphur in fluorspar where this element was purposely increased 
The data shown are not from isolated heats but represent a few 
extracted for the purpose of information. There were certain 
variables such as difference in time caused by delays waiting for 
hot metal, amount of ore additions, the use of cold pig iron on the 
start and the quality of the scrap. The size of charge, the fuel 


(producer gas), the lime charge and the furnace was constant. The 
results are shown in Table I. 
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Table I 


Analysis of Heats 


Time 


Pounds of 


Sulphur 
in 
Fluorspar 


Final Analysis 


Sulphur Analysis 


Hrs.-Min. 


Tests Taken Before Each Fluorspar Addition 


0.040 
0.046 


0.041 


30 


N 


0.043 
0.040 
0.039 
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)5 
51 


16 


20 


0.040 
0.041 
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Fluorspar 
Used 


No. Heat No. 





300 


900 
1000 


© 


8 


650 
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It is interesting to notice that the amount of fluorspa: 
did not vitally influence the sulphur absorption with the exee; 
of 2 and 8. Asa whole, the test does not prove conclusivel, 
sulphur contained in fluorspar necessarily enters the steel 

There are conditions where it will and again where it will not 

governing factors, of course, are the chemistry and physical . 
tions surrounding the slag. 


The amount of direct desulphurization caused by fluorspa: 
debatable. The Iron Age of March 23, 1922, discusses a Ger 


investigation where nine heats of steel produced without fluo 


average 0.08 sulphur; whereas nine heats produced with fluor: 
averaged 0.05 per cent sulphur. At present, this seems debata 


because the oxygen of bases in the first instance to the acids 


1.67 as against 1.30 in the second case. But doubtless where 
chemistry of slag is in proper proportion for desulphurization the 


fluorspar aids in quickening the action. 


A paper was read before the American Iron and Steel Instit 


at its fall meeting 1925 by G. H. Jones outlines ‘‘Fluorspar 














was 


the 


Its Uses.’’ He describes its qualities as, ‘‘The demand for stee] 


making is for a washed gravel, sized 34 inch and under, of 85 per 


cent and over in calcium fluoride and not to exceed 5 per cent in 
silica and free from sulphides, lead and zinc.’’ There is no ques 
tion about such an analysis. The higher the fluoride the more 
active the flux and the lower the silica the less lime and fluorspar 
it takes to flux the addition. Fluorspar is principally used to 
‘‘smooth’’ out a slag by fluxing the higher temperature compounds 
already existing in it. It may be of some interest to insert here 
that a test run with dry and wet fluorspar carrying 8 per cent 


free water gave the following results: 


A quicker action was noticed when the fluorspar was wet with 
8 per cent of water. A slight explosion took place with the result 
that the slag was moved and readily admitted the flux. In tlie 
ease of the dry fluorspar, when shovelled into the furnace it re 
mained on the top of the slag for some minutes before starting to 


work. In this experiment the time was in the ratio of 1 to 3. 


The fluxes, calcium chloride and sodium fluoride will be dis 


cussed under the third part of this paper. 


A description of a good slag should carry the followin 


factors: 


ir 
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Should have an apperance of a quietly flowing mass of 
my consistency. 
» Should form a thin envelope around a bar which had been 
st into the slag and subsequently withdrawn. 
; Should not effervesce in the test spoon. 
{. Should have surface tension enough to hold together and 
ow the metal in the test spoon to run freely into the mold. 


CONCLUSIONS 
The conclusions to be drawn from the information given on 
ixeS are: 
1. That they shall not materially alter the final relation of 
ids to bases. 
2. That they shall actively lower the freezing point of the 


3. That they shall have chemical and physical requirements 
vhich permit easy penetration of the slag and do not volatilize and 
e carried away in the gases of the furnace, to the detriment of the 
rick work. 

{. That they shall not in their proper use produce a slag 


which will aetively cut the banks. 


5. That they shall under good conditions be a desulphurizing 


adjunet. 


FLUXES AND DESULPHURIZERS 

The statement of Benedict Crowell in the Engineering and 
\lining Journal, January 2, 1922, ‘‘It is not generally realized 
that the known fluorspar deposits of this country are very limited 
in extent,’? caused some agitation among investigators to find a 
substitute for fluorspar. With this thought in mind, the following 
investigation was performed : 

A large steel company permitted Hickman Williams & Com- 
pany to investigate the possibilities of soda ash (sodium carbonate) 
is a substitute for fluorspar and as a desulphurizing flux. The test 
‘covered 176 heats in all and in which over 26,274,618 pounds of 
steel were treated. 

The object of test was not only to find a substitute for fluor- 
spar but also to widen the application and use of soda ash. As a 
onsequence of this, the Michigan Alkali Company of Wyandotte, 
\lichigan, gave its aid in the preparation of the ash to the requisite 
physical and chemical structure. The first tests were performed on 
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Table II 






Metal 














No. Charged Amount Pig Amount Lime Amount Ore Amount Flux 
1 227,430 67,700 12,300 7,000 300 Ibs. Ash 
Remarks: Slag in good shape and drained easily 

2 280,504 124,000 21,600 ee 700 Ibs. Ash 
Remarks: Slag quiet—-in fair shape. 

3 24,900 89,300 14,100 1,500 75 lbs. Ash 
Remarks: Slag fair—-gassy. 

4 250,475 91,600 13,200 sawn £00 Ibs. Ash 
Remarks: Slag fair—quiet. 

5 226,825 79,800 12,600 waiaa 300 Ibs. Ash 
Remarks: Slag excellent—dquiet. 

6 226,479 66,300 13,200 1,000 700 lbs. Ash 
Remarks: Slag quiet and in good condition. 


~ 


7 226,050 70,700 12,400 3,000 297 lbs. Ash 
Remarks: Slag very liquid, ash acted somewhat like fluorspar; acted rapidly and less 
used than fluorspar. 














S 234,181 76,700 12,000 3,000 50 Ibs. Ash 
Remarks: Condition of slag fair—no fluorspar used. 

9 216,664 69,600 11,800 1,500 25 Ibs. Ash 
Remarks: Ash was used to cut floaters of lime—acted rapidly. 

10 206,454 5,400 13,200 1,000 400 lbs. Ash 
Remarks: Soda ash worked rapidly, cut up lumps and heat in good shape—no fluorsp sed 
11 250,450 81,700 11,400 1,500 300 Ibs. Ash 4 
Remarks: No fluorspar used, ash cut up floaters quickly, shaped heat nicely. 

12 253,856 87,800 1,400 1,500 409 Ibs. Ash ~ 
Remarks: Ash acted rapidly and made slag smooth and creamy; no fluorspar used 

13 296,860 146,300 20,060 600 Ibs. Ash 1] 





Remarks: Soda ash used on this heat; did not shape up—could not pull the lime fro: 
bottom—raw lime used—600 Ibs. of fluorspar used to finish heat. 

14 273,905 120,900 23,800 haan 2,500 lbs. Ash li 

Remarks: 2,500 lbs. soda ash used, would not pull lime from bottom. Had to use 20/ 
of fluorspar to thin slag. Raw lime used. 


















15 26,156 82,100 12,000 1,500 250 lbs. Ash "4 

Remarks: 250 Ibs. Soda Ash—shaped up slag; no fluorspar used. 

16 228,508 72,900 14,000 wee 1,000 Ibs. Ash 12’4 

Remarks: Shaped slag wp in good condition. 

17 232,710 75,400 13,600 eee 850 lbs. Ash 10’38 

Remarks: Slag very liquid—in good condition; pulled sulphur from .054 to .040 with a 3 
delay. 





burned lime heats. Table II indicates the results. No desulphur 
ization in the furnace was attempted in this test. 

No slag analyses were run on these first 17 heats. It did not 
seem to be necessary because whether ore was used or not the soda 
ash flux worked when burned lime was used. In heats 13 and 14, 
however, when raw lime was in the charge, soda ash refused to 
bring the slag to proper shape. Inasmuch as this was the last of 
the ash available, it was decided that the experiment should be con 
tinued and a trial of another lot of soda ash should be used on raw 
lime heats. It will be noticed from the foregoing data that soda 
ash has some merit as a flux where burned lime is used. 

The amount of ash used compares favorably, on an average, to 
that of fluorspar even though the ash was used on every heat. 
During this experiment ladles of metal were treated with soda 
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Table III 


eat Amount Sulphur 

Tapping inal 
Pounds of Soda 
Ash 

cenekesethanaee 225 0.040 0.037 
ONE eee e 400 0.042 0.032 
DF og Cae hw etal e 150 0.038 0.040 
bos, Zanare en wueeenes 250 0.038 0.038 
S ckebeeedwhae wen 300 0.044 0.038 


Gis oe gk eines 500 0.038 0.035 


ash to see if any sulphur reduction could be effected. The result 
is shown in Table III. 

The conclusions to be drawn from Table III seem to indicate 
that sulphur reduction is possible by the use of soda in the ladle 
Heats 3 and 4 will be immediately produced to show that the oper- 
ation is unreliable. But in these two instances the ash was placed 
in the ladle after the heat was completely tapped and slag was on 
the surface of the ladle. In the other 4 tests, the soda ash was 
placed in the ladle when about 1 full of molten steel. 

It seems that there is a reaction between the ash and the slag 
which eauses a reversible action to take place, sending the sulphur 
back to the steel. There is a further deduction which may be drawn 
and that is the lower the sulphur the greater the amount of ash 
required to perform equal percentages of sulphur reduction. An- 
other factor which seems to influence ladle sulphur-reduction is 
that of temperature, i. e.; the higher the temperature the more 
difficult it is to perform sulphur reduction. 

While the desulphurization tests were being performed at the 
open-hearth, it was suggested that an attempt be made to de- 
sulphurize blast furnace iron. Accordingly the next experiment 
was run: 

At the blast furnace: Four ladles of iron were given over to 
the treatment. Two of these ladles were treated and two untreated. 


Amount of Iron Treated Soda Ash Used Sulphur 
Tapping Final 
Per Cent Per Cent 
NS ai aula 5 6 4a a None 0.039 0.033 
a ee ee 185 pounds 0.039 0.028 
Pi oa e ah a ea None 0.039 0.031 
| ee ee 160 pounds 0.039 0.028 


Again, desulphurization may be accomplished at the blast 
furnace, but not in the amount expected. In running such an ex- 
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periment and untreated ladle should be also given the longesi 
possible to the untreated and the shortest time reasonable f; 
treated ladle. All in all, at the conclusion of this test, it wa 
cided that the results warranted continued experiments and s 
months later 42,773 pounds of flux were shipped for experim 
purposes. The experiment progressed, because the fundame: a! 
seemed apparently correct and added to this the practical demon 
stration seemed to prove the theory. The work was perforn: 
the chemical and thermal data which follows: 


(16) Na,CO, + 8i0, 


Na.SiO, — CO, 


The sodium silicate has a freezing point of 1864 degrees Fah: 
(1018 degrees Cent.) as against the calcium silicate of 2753 dezrees 
Fahr. (1512 degrees Cent.) The decomposition of the sodium car 
bonate takes place in the presence of silica at slightly over 
degrees Fahr. (849 degrees Cent.), its melting temperature. Henc 
the reaction (16) given seemed probable. The specific gravity 0! 
the ash is given as 2.43-2.51 as against the fluorspar 3.15-3.18. 
difference was narrowed when the ash was prepared by fusing and 
other preparation. 


The desulphurizing equation supposed was 





(17) Na,CO, + Mn S+ Si= Na,S+ Mn 
The reaction must take place either in the presence of a well 
iuxed SiO, or in its total absence or reaction (16) will take place 
with a reversion of sulphur to the molten steel. This explains in 
a way the sporadic results obtained unless care is exercised in { 
process. In all the instances where desulphurization was accom 
plished, the slag did not proportionately raise in sulphides. There- 
fore, it would seem that there was a volitalization of the sulphide 
as SO,. Also, in every case where this desulphurization was o) 
tained there was an increase of manganese in the steel. There ar 
two possibilities for this phenomenon (1) that the sulphur in a well 
fluxed slag was in the form of manganese sulphide which was 
broken up in accordance with (17) and the manganese reduced and 
reverted to the steel; (2) the manganese which is usually lost 
through desulphurization was saved through the action of the ash 
on the metal. 

A list of the heats performed on the second test are given. 
A total of 74 heats are shown with remarks due to the various 
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binations used in developing a desulphurizer as well as a flux 
1, eould be substituted for fluorspar. 

[It will be noticed that there is a considerable variation in the 
es used. This was caused by the desire to find a material in 
per amount which would aid soda ash in becoming a consistent 

Further, the metal charges were kept as constant as pos- 
e as were the lime amounts. The ore used varied with the type 
steel to be made and the working of the furnace. The fuel used 
s oil and the sizes of the furnaces was 75 and 120 tons. 

The size of the furnace did not seem to influence the results. 
[he sharpness of the flame, however, varied the temperature which 
nflueneced the viscosity of the slag. It was found that better 

tion resulted in all cases where the flame was sharp. 

The pig iron used varied from 1.20 to 1.40 silicon, the man- 

inese, 2.00 to 2.32. No real definite conclusion could be drawn 
showing that this variation influenced the results. The lime content 
aried between 8 and 10 per cent of the metal charged. Again, 
this variation did not consistently interfere with the operation of 
the flux. There was a variation caused by the use of burned lime 
as against raw lime. A variation in the ore used seemed to help 
matters, but still in some cases with large amounts of ore the fiuxes 










































Time 





Charged Amount Pig Aimount Lime Amount Ore Amount Flux 
Lbs. Lbs. Lbs. Lbs. Lbs. 











1 154,500 86,800 13,500 owe 875 Ash 8’20” 
Remarks: Made fine looking heat; did not gum any, but was a little lumpy. 
165,452 81,500 18,000 eens 150 Ash 10’ 
marks: Soda ash worked O. K. 
400 Ash 
159,354 77,700 12,800 500 400 Fluorspar 8’20” 
marks: Used fluorspar a/c soda ash not able to cut and shape up slag. 
300 Ash 
{ 152,600 70,100 12,700 Aer 400 Fluorspar 8’35’’ 
temarks: Had to use fluorspar to shape up heat. 
5 15,891 76,500 13,000 iia 375 Ash 11°20” 
Remarks: Slag thick and gummy. 75 Fluorspar 
160,225 77,900 12,400 1,500 200 Ash a’s5” 


Remarks: Heat melted 1.50 carbon, added 200 lbs. soda ash, which cut lime, added 1,500 Ibs. 
ore, which helned to thin slag; slag too heavy to drain from furnace. 





7 149,700 60,900 12,700 oe ek 375 Ash 8’85”’ 
Remarks: Slag heavy, had to get action on bath after ash was added, so fluorspar was added. 
325 Ash 
8 158,560 63,900 13,000 1,000 400 Fluorspar 9’ 
Remarks: Had heat to get in shape; slag too heavy and thick—fluorspar opened it up. 
300 Ash 
9 170,704 83,900 12,600 1,000 100 Fluorspar 9715” 


Remarks: Slag was thinned—shaped up nicely. 
800 Ash ' 


10 159,600 77,000 13,000 1,000 100 Fluorspar 9735’ 
Remarks: Slag heavy, required fluorspar to open. 

490 Ash 
LT 157,254 70,800 14,000 1,700 75 Fluorspar 8’30” 


Remarks: 5 shovels of fluorspar mixed with 400 pounds soda ash; slag shaped up with nice 
action—soft and creamy. 
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Metal 





No. Charged Amount Pig Amount Lime Amount Ore Amount Flux 
Lbs. Lbs. Lbs. Lbs. L bs. 

12 168,650 80, 300 13,000 3,500 ‘50 Fluorspa 

Remarks: Soda asn mixed with fluorspar; slag shaped up nicely; fine action. 

13 166,850 83,900 13,500 1,500 200 Ash 

Remarks: Soda ash put slag in good shape. 

14 148,250 56,200 13,400 500 150 Ash 

Remarks: Slag very thin—soda ash thickened but would not hold it. 

15 157,551 42,900 13,500 500 800 Ash 

Remarks: 


400 pounds soda ash charged with limestone—400 pounds added to slag 
—fine shape. 


16 157,750 74,100 13,400 1,000 350 Ash 
Remarks: Slag good. 


330 Ash 


17 155,800 5,500 13,100 100 Fluorspa: 
Remarks: Ash would sah thin slag—fluorspar cut rapidly. 

400 Ash 
18 151,300 69,700 13,000 30 Fluorspar 
Remarks: Mixture shaped slag nicely, 
19 155,252 69,600 13,600 ines 400 Ash 

400 Ash 
Remarks: Soda ash worked nicely. 
20 158,000 74,400 12,800 1,000 100 Fluorspar 
Remarks: Combination shaped up slag nicely. 
21 152,302 58,600 12,900 
Remarks: No flux used. 

400 Ash 
22 159,002 74,300 13,100 ait 150 Fluorspar 
Remarks: Combination shaped slag nicely. 
23 177,350 90,100 12,800 500 400 Ash 
Remarks: Soda ash cut slag nicely. 

400 Ash 
24 156,352 55,200 13,400 1,000 150 Fluorspar 
Remarks: Spar a to open up the slag. 
25 155,852 2,600 13,800 ees 200 Ash 


Remarks: Soda ash thinned slag. 


215 Ash 
26 151,777 80,700 12,700 175 Fluorspar 
Remarks: 20 pounds silica sand mixed with combination worked nicely. 
400 Ash 
27 159,202 51,400 12,900 1,500 32 Fluorspar 
Remarks: 400 pounds soda ash—32 pounds fluorspar mixed added to furnace and 
nicely 
400 Ash 
28 159,010 7,300 12,700 1,000 45 Fluorspar 
Remarks: Slag heavy until spar and ore were added. we thinned up quickly. 
29 146,602 73,000 13,000 600 Ash 












Remarks: Heat melted 0.40 carbon—slag heavy. Added ‘100 pounds soda ash 1.15 slag heat 
100 pounds soda ash 12.25 slag O. K. Slag test at 1.30 metal extra hot air off 1.: 


200 pounds of manganese at 1.45 oil off 1.50 tapped at 1.55. No ore used. 


in good shape. 


400 Ash 
30 158,204 74,500 12,700 50 Fluorspar 
Remarks: Mixture gave good slag. 
31 156,954 73,200 12,500 nie 400 Ash 


250 Fluorspar 
Remarks: Mixture 400 pounds soda ash and 


pounds fluorspar. 

325 Ash 
32 157,385 73,500 13,400 200 400 Fluorspar 
Remarks: 17% per cent mill scale mixed with 325 pounds soda ash would 


8’5( 


‘ 
) 


50 pounds fluorspar would not work—added 20 


not wW 
Required 400 pounds fluorspar to open slag. 
No Ash 
38 164,800 77,300 12,400 2,000 50 Caustic Soda 12730 
Remarks: Slag thinned rapidly, then thickened—became stringy while tapping. 
400 Ash 
34 149,200 48,100 13,700 50 Fluorspar 735 
Remarks: Soda ash and fluorspar mixed; slag thinned rapidly. 
35 158,302 75,400 12,600 800 Ash 9’50 


Remarks: 400 pounds ash used in furnace—thinned slag ; 400 pounds in ladle. No sulph 


reduction. 


400 Ash 


36 155,802 55,800 12,700 32 Fluorspar 


Remarks: Fluorspar required to open slag. 
300 Ash 


37 150,908 52,400 13,500 1,500 50 Fluorspar 


11’1' 


9’00 
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“Metal 





- Charged Amount Pig Amount Lime Amount Ore 
Lbs. Lbs. Lbs. Lbs. 

“50 pounds fluorspar required to shape slag. 

g 166,750 79,300 14,900 1,500 
s: Fluorspar required to shape slag. 
156,418 80,300 13,500 
rks: Mixture shaped slag quickly. 
{ 155,450 73,200 13,600 500 
R rks: 100 pounds fluorspar required to shape slag. 
4] 158,734 74,600 13,000 
rks: Mixture gave good slag. 

{ 152,802 69,600 12,900 1,000 
Remarks: 150 pounds fluorspar required to shape slag. 
{ 156,550 48,000 13,300 1,000 
Remarks: Slag thick—50 pounds fluorspar added—thinned rapidly. 
44 156,402 77,400 12,200 piel 
Remarks: Soda ash worked rapidly on slag. 
45 159,630 76,500 13,300 
Remarks: Fluorspar required to thin slag. 
16 161,209 73,806 13,400 
Remarks: Slag thick until fluorspar was added. 


{ 152,710 72,000 13,000 


DESULPHURIZATION 


Remarks: Slag thin, 1,000 pounds burnt lime added to thicken. 


48 160,022 51,900 13,300 
Remarks: Slag thick—fluorspar thinned it rapidly. 
49 163,102 75,600 12,000 1,500 
Remarks: Slag heavy; fluorspar shaped it up. 
0 145,454 68,500 12,600 1,000 
Remarks: Slag heavy—ore thinned it up. 
51 156,665 75,400 13,700 
Remarks: Slag thick-—fluorspar thinned it. 
} 156,164 74,000 14,500 800 
Remarks: Same as 51. 
3 163,010 80,100 14,200 
Remarks: Same as 51. 
4 141,566 79,700 18,100 
Remarks: Caustic cut rapidly—slag gummed. 
5 160,706 54,800 12,000 1,000 
Remarks: Same as Heat 51. 
56 161,307 62,000 12,800 2,000 
Remarks: Ash shaped slag after ore was used. 
7 161,210 78,700 12,900 
Remarks: Same as Heat 51. 
»8 153,100 46,5800 13,400 
Remarks: Same as Heat 51. 
o9 159,100 82,100 13,800 
Remarks: Same as Heat 51. 
60 159,500 80,300 12,500 2,000 
Remarks: Ash cut lime quickly. 
61 148,320 69,300 12,400 
Remarks: Same as Heat 61. 
62 155,723 78,900 14,400 
Remarks: Same as Heat 51. 
63 171,171 74,700 12,800 
Remarks: Soda ash cut lime quickly. 
64 144,818 69,400 12,000 


Amount Flux 
Lbs 


100 Fluorspar 
400 Ash 


470 Ash 
150 Fluorspar 


400 Ash 
100 Fluorspar 


150 Ash 
150 Fluorspar 


400 Ash 
150 Fluorspar 


400 Ash 
50 Fluorspar 


150 Ash 


400 Ash 
100 Fluorspar 


300 Ash 


300 Fluorspar 


4C0 Ash 


400 Ash 


200 Fluorspar 


400 Ash 


75 Fluorspar 


400 Ash 


400 Ash 


100 Fluorspar 


400 Ash 


100 Fluorspar 


400 Ash 


400 Fluorspar 


Time 


9’05”’ 


11°30” 


9°40’ 


9°55" 


9°40” 


tone 
9°20 


8’50”’ 


10°20” 


pene 
9°25 


8/15” 


10/15”’ 


10’20”' 


8’30" 


50 Caustic Soda 11’05”’ 


200 Ash 


150 Fluorspar 


125 Ash 
200 Ash 


200 Fluorspar 


400 Ash 


90 Fluorspar 


400 Ash 


200 Fluorspar 


400 Ash 


800 Ash 


100 Fluorspar 


200 Ash 


200 Fluorspar 


300 Ash 


200 Ash 


50 Fluorspar 


9’ 


9’10”’ 


8/05” 


8740"" 


9°30" 


9/05’ 


11’00” 


10’00”’ 


905” 


ere Re? 
755 
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Heat Metal 
No. Charged Amount Pig Amount Lime Amount Ore Amount Flux 
Lbs. Lbs. Lbs. Lbs. abs. 

Remarks: Same as Heat 51. 

400 Ash 
65 150,558 72,400 12,800 1,000 200 Fluorspar 
Remarks: Same as Heat 51. 

400 Ash 
66 157,510 44,200 12,800 as oe 300 Fluorspar 
Remarks: Same as Heat 51. 
67 146,504 78,800 12,000 ~~ 150 Ash 
Remarks: Slag was in good shape—soda ash acted rapidly. 
68 154,600 55,700 14,200 3,000 175 Ash 
Remarks: Slag shaped up fine. 
69 150,511 63,700 14,200 2.000 75 Rock Sault 
Remarks: Rock salt cut slag in good shape. 

250 Ash 
70 152,800 73,000 13,700 wre 100 Rock Sal 
Remarks: Combination put slag in good shape. 

200 Ash 
71 145,900 50,800 14,000 3,000 100 Rock Sal 
Remarks: Combination put slag in good shape. 

200 Ash 
72 164,402 70,600 13,500 2,000 100 Rock Salt 
Remarks: Combination put slag in very good shape. 
73 151,850 64,500 13,600 500 60 Rock Salt 
Remarks: Salt cut up slag very quick and good. 
74 154,252 72,000 14,200 1,000 100 Ash 


100 Rock Salt 


Remarks: Mixture cut slag very quickly. 


If we consider the first four heats, a general idea of the incon 
sistant action of soda ash will be seen. The lime used was in 
raw state. The first two heats worked entirely on ash whereas thi 
second two refused to take proper action until fluorspar was intro 
duced. When the ash was added, it cut up the ‘‘lumps”’ readil) 
in all cases. Then, as the heats progressed the slag either took 
good fluidity or became thick. This thickness restricted the actioi 
and fluorspar had to be used to open the slag. To parallel this thick- 
ness, it might be said to appear like a blanket slag caused )b\ 
chromium. The instant that the fluorspar came into contact with 
this heavy slag, reaction immediately started and the slag took 
its proper consistency. 

There does not appear to be any great variation between these 
four heats or between this set and those run on burnt lime. Yet 
the proportion of all the heats worked with soda ash appears to 
be in approximately the proportion of 50 per cent working success- 
fully and 50 per cent requiring other fluxes to finish the slag. Tl 
amount of fluorspar required to open up the various slags did no’ 
remain constant. Hence, there was in all probability a variation 
in the chemistry of the slags. To this end, slag analyses were mad 
on all heats before any outside flux was used to aid the ash. 
The following is a table of the results with the remarks: 
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i\dition of Ferric 
Slag Heat l’errous Oxide Oxide 
RRS ee 5 14.41 6.74 
Good-Heavy ....... 6 10.29 1.92 
Dead Heavy ....... 7 10.55 8.00 
TRICK cece cc nceee 8 9.14 5.82 
Ci aoe cris el gee ee l 11.06 6.00 
CO i Bi re whem aon 2 9.26 3.68 
Gone 6 gbciws kenaees 9 13.57 94 
Cee ks. Kars, die Be 2 12.29 2.50 
(oe eee 10 12.74 4.01 
Gee ciwkhatideeNixe Oe 10.94 2.84 
(008 cnc eer eeewen 3 16.47 2.19 


13.25 






The viscosity of these slags seems to be controlled somewhat 
by total percentage of FeO plus Fe,Q, present and by relation of 
eO to Fe,O;. When the totals are low, the slag seems to be thin 
and active—where the totals are high, and Fe,O, low, slag seems 
to be still active. But where totals are high, and Fe,O, is high, slag 
~omes mucky. There were other variations in the slag analyses 
nothing was evidenced which would cause the slag to vary in 
viscosity as it did in these tests. 

[It seems as though the state of oxidation of the iron in the slag 
restricts the reaction of the soda ash which could be normally ex- 
pected. It would be almost possible to conclude that the ash after 
decomposition was not allowed to attack the SiO, in the presence 
of the iron oxides. Consequently it was not fluxed and the balance 
of acids to bases was disturbed with the result that Na,O, a very 
strong base, thickened the slag. 

As the lists of heats are scanned, it becomes evident that the 
action of ash in the open-hearth was sporadic, and that under sim- 
ilar conditions, it acts differently. Just when it should act, it works 
to the contrary, and when least expected to perform, it accomplished 
the purpose aimed for. In many cases fluorspar had to be added to 
the slag after the ash. The ash seemed to work up to a point, and 
then lose its activity. It seemed to cut into the lumps with ease and 
smooth them out nicely, but as soon as this action had been com- 
pleted, the slag began to grow gummy and act almost as dough, 
when it is kneaded. But in cases where quantities of ore, say over 
two or three thousand pounds were used, the ash seemed to perform 
its funetion nicely. 

But, in many cases where ore had been used, in all probabil- 

ties, no ash or fluorspar would have been required, because the silica 
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in the ore and the boiling action caused by the introduction 
ore into the bath of steel, usually thinned up the slag prop, 
ally to the amount of ore added. Further, the ash seemed t , 
in good shape in heats which had melted high in carbon. |; aly 
worked where pig iron was introduced after the introductio, 
the ash. But, on the whole, the ash seemed to thicken the 























slag 
when the ‘‘heat’’ was passing through the range of 0.35 to 0.5 
per cent carbon, and at this point after no ore or pig iron was iy 
troduced, the slag started to gum up and increase in its viscosity 





relatively to the time in the furnace. 

Heats 51 to 66, excepting 54, were used to determine reaction 
of fluorspar and ash. When the fluorspar was introduced, a viole 
reaction took place. The fluorspar seemed to go to work im 
mediately, and the slag thinned out with very small amounts o| 
fluorspar being added. The reaction of fluorspar with soda ash was 
plainly visible when compared to a straight fluorspar heat. Ther 
seemed to be some affinity of one of the elements in the soda ash 
for one of the elements in the fluorspar. This affinity was believed 
to be an interchange of the fluorine in the fluorspar with the sodiun 
in the soda ash. And it was felt that sodium fluoride was formed. ‘y 
check this assumption, salt and fluorspar were introduced, adding 
the salt first, and then introducing the fluorspar later. Similar 
violent reaction to the soda ash and fluorspar combination took 
place. 

It will be noticed that salt and soda ash became a prevalent 
combination. It was believed that soda ash alone would never do. 
and it became the policy to find some element or compound to mix 
with the soda ash in order that it would function properly as a 
flux. It was felt that after a trial with salt, had discovered the 
ingredient, which would permit the use of soda ash as a substitute 
for fluorspar. Heats 69 to 74 inclusive were used in the salt tests 

During the following week, we continued to experiment to 
find the proper percentages of the combination of salt and soda ash, 
and finally determined that a fifty-fifty mixture would be the idea! 
combination. This flux seemed to work out nicely every time it 
was used. 

The objection to the salt, however, was that it gave out great 
volumes of smoke, which condensed on the sides of the furnace and 
also went into the ‘‘checkers’’. This, of course, was objectionable 
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[t was first thought that when the soda ash and salt were fused 
tovether, this smoky feature would be overcome, but it was later 
proven that the volatilizing of the salt took place, and such being 
‘he case, salt would never be of any value to us in compounding a 
‘ux. It was therefore thrown into discard later, and new combina 
tions were sought. 

During the course of work, we tried out mill scale mixed with 
soda ash (Heat 32). We also tried silica sand and mixed with ash 

Heat 26). In one instance, glass was tried out, but none of these 
combinations worked with the high activity of soda ash and fluor- 
spar, and it became evident that we must find a material which 
would blend with this slag, giving the characteristics of the soda 
ash and fluorspar mixture. During this investigation, we ob- 
tained some caustic soda (Heat 54). We tried this out in the 
furnace. The slag was unsatisfactory, due to it becoming gummy 
and sticky. After the slag had shaped up, it seemed as though the 
caustic volatilized and the slag thickened. This bad feature of the 
caustic volatilization caused an irritation on the skin of the melters 
and therefore was discarded. 

It may be safely said that a mixture of soda ash and fluorspar 
vives a better slag than fluorspar alone. It may be also said that 
soda ash alone is too erratic and too many variables affect it to 
make it valuable as a flux alone. It may be further stated that 
soda ash has some merit as a desulphurizer in the ladle, as shown 
by the ladle tests in section number 1, as well as section number 2. 

After considerable success with sodium chloride and ash, diffi- 
culties were experienced and a complete log was carried on two 
heats. This data is given— 





Report of Heats using 50% Soda Ash and 50% Rock Salt 


Time Additions 
Heat of and 
No. Additions Amount Remarks on Slag and Other Conditions 
‘é x 99 
10:40A Salt Melted about 30 ecarbon—slag lumpy 
10 shovels and very heavy. 
11:05A 10 shovels No action on lumps—still heavy. 


11:25A 10 shovels Slag viscous—still lumpy. 
11:35A (10 shovels) Open slightly—slag viscous and very 
(Fluorspar) heavy 
11:45A (10 shovels) 
(Fluorspar) Not much change-—slag opened some. 
12:00N Reearb No action when reearb was poured. 
Tapped 12:05P, slag was very heavy 
and viscous. Left bottom dirty. 
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Delay of 40 minutes getting 
shape. 
wo hates Salt 
10:30A 10 shovels Melted about 70 carbon—Slap 
and very heavy. 










10:50A 10 shovels Not much change on slag—sti 
10:55A 1000 #ore Ore opened up slag a little. 
11:35A 10 shovels Rods were used—slag opened uy; 


Still heavy and viscous. 
11:45A spar 24 

















shovels Opened up and action on slag 
12:15P Slag thickened and lay fiat 
#1 door. 


No recarb—tapped 12:25P slag 
and viscous—left bottom dirty, 
one hour getting heat in shape. 





These heats consisted of making forging bar steel and were 27140: 
280706 lbs.—237604 lbs. respectively. The lime varied from 9% to 9.8¢, 
respectively. The amount of flux used, varied from 300 lbs. of the s 
soda mixture, plus 300 lbs. of fluorspar to 600 lbs. of salt and soda 
fluorspar, and 210 of salt and soda with 360 lbs. of fluorspar. The fi 
marks will be noticed, and from this time on, we began to experime: 
other materials. 





During one run on heat ‘‘A’’ and heat ‘‘B’’, slag analyses 
taken to see if all of the salt was volatilizing, or whether some of 
this material remained in the slag. These determinations wer 
performed upon slags which were taken periodically from the slag 
volume in the furnace, and it will be noticed that a large pro 
portion of the fluorspar remains in the slag, and that further, some 
proportion of the salt remains in heat ‘‘B’’. The following are 
the determinations: 





Heat Si02 FeO FeO, CaO 





















oe"? 
22.12 11.32 3.16 39.70 Before ore was added. 
18.84 12.86 5.46 40.10 After ore added—Befo1 
Fluorspar CaF, 
16.40 7.98 9.90 45.70 84 15 min. after fl 
spar 
‘““B’’ 15.66 9.00 8.89 46.10 97 Before additio: 
19.48 11.58 5.60 39.60 Before ore was 
added. 
17.72 13.25 7.60 39.10 After ore was 
added. 
16.72 13.51 8.17 40.80 00 NaCl 
49 15 minutes 
after salt 
added. 
16.00 10.55 8.45 44.00 62 .58 Before addi 
tions 






As soon as it was found that the salt was volatilizing, and 
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vould not do as an adjunct to the fluorspar, an investigation of the 
mixture of calcium chloride and soda ash was started, but inasmuch 
as it was later found that the calcium chloride worked only sim- 
‘arly to fluorspar and cost more, this product was discarded. 
Sodium sulphate was the next compound to be mixed with soda 
ash. but this combination did not give the desired results. There- 
fore this compound was eliminated from further consideration. 
Borax was the next compound to be used, and this acted very 
similar to sodium sulphate and was given no further consideration. 

All during these heats, it became more and more evident that 
sodium fluoride was the proper compound to use in finding a sub- 
stitute for fluorspar. Consequently it was tried out on one heat, 

h supposedly carried a very difficult slag to work. When the 
sodium fluoride was added to the furnace, there was no doubt left 
ut that the proper material had been found. . Fo'lowing up this 
result, several heats were worked with this material which checked 
the first results, and it became evident that this compound would 
work under all conditions. 

The following list of heats will give an idea of the work per- 
formed and the varying compositions of fluxes used: 



























Charged Amount Pig Amount Lime Amount Ore Amount Flux Time 
Lbs. Lbs. Lbs. Lbs. Lbs. 








271,403 87,000 24,500 aes 800 Mix 11/18” 
300 Fluorspar 
50-50 soda and salt mixture cut lumps, but did not thin slag. Fluorspar had to 
be used. 
280,706 93,100 23,000 ee 600 Mix 18’20° 
Remarks: 50-50 salt and soda put slag in fine shape. 







we 





210 Mix 
237,604 124,600 23,300 1,000 360 Fluorspar 13/15” 
50-50 salt and soda mix cut slag but then it grew heavy—finished with fluorspar. 
780 Rock Salt 
{ 264,922 121,700 28,800 400 Fluorspar 11/05” 
irks: Salt acted slowly—fluorspar added and acted ‘rapidly. 





2 










350 Rock Salt 









263,200 140,900 26,000 4,400 175 Fluorspar 11°20” 
Remarks: When fluorspar was added reaction was violent—slag thinned. 
f 221,000 111,100 26,100 1,000 500 Fluorspar 1030’ 





Remarks: Slag creamy and thin—Compare Heat 18, 842, 
200 Fluorspar 
260,353 96,000 25,000 500 165 Fluorspar 12°40” 
cemarks: 360 pounds flux used— put slag in good shape when 165 pounds fluorspar was added. 
240 Table Salt 










8 231,964 112,100 25,000 150 Fluorspar 11/45” 
Remarks: Table salt acted better than rock salt- -fluorspar added to shape slag. 
) 238,975 103,500 24,600 340 Rock Salt 
175 Ash 
100 CaCle 10’20” 


narks: Rock salt and CaCl. added to furnace—thinned slag. Soda ash added to ladle— 
thickened slag. 






400 Rock Salt 
237,910 117,900 24,900 1,000 900 Fluorspar 1125” 
‘emarks: Slag heavy. Fluorspar used but did not cut slag. 
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Heat Metal 
No, Charged Amount Pig Amount Lim« Amount Or Amount I 
Lbs Lbs Lbs 








Ll 


305,100 





174,100 





24.600 





Remark Check heat 24,648 



























12 247,850 136,600 25,300 3,000 650 Flu 

Remarks: Slag in good shape—fluorspar and CaCle about equal in strength 

13 249.800 110,000 20,200 4,000 150Nal 

Remarks: NaF put slag in better condition than fluorspar. 

14 238,200 134.000 25.400 wierr 200 Nal 

Remarks: Best flux yet used. Slag exceptionally fine 

15 266,330 107.500 22.500 3.060 50 Nal 

Remarks: Slag he ivy Nak cut quickly reduced sulphur 0.037 to 0.026 

16 927,514 96,000 2? 400 4.000 225 Nal 

Remarks: Flux cut slag up quickly—dropped sulphur 0.038 to 0.026 

17 253,150 103.000 95.300 ae 400 Nal 

Remarks: NaF acted rapidly, put slag in fine shape—dropped sulphur from 0.042 
100 Ro S 

18 239,630 137,600 27,400 ee 800 FI 

Remarks: Fluorspar added to thin slag. Sulphur Test Heat. 

19 206.076 87,900 24,900 10,900 400 Ash 












Remarks: Soda ash cut lumps and ore thinned slag. Sulphur Test Heat 








As the sodium fluoride heats were worked it became evi 
that a quicker reaction in the loss of carbon and sulphur oce 
than was usually expected. Consequently, the bath analysis 
taken at definite intervals. The results of these tests are sho\ 












the graphs which are appended. These charts indicate that 
most effective flux used was that of the fluoride of sodium. 
material seemed to put the slag in a condition which would pe 
desulphurization and decarbonization readily. In all instances 
slags were creamy and quiet, yet very fluid. Less amounts of 
flux were used than any other. 

The complex reaction which oceurs is similar to those expre 
for fluorspar. The material is practically insoluble in water 
has a specific gravity of 2.766. Its melting point is 1796 deg) 
Kahr. (980 degrees Cent.) and when used in a slag in the pres 
of SiO, forms sodium silicate whose melting temperature is 1504 
degrees Fahr. (1018 degrees Cent.), over (300 degrees Cent 





lower than calcium silicate. The desulphurization is perhaps 








function of the flux and then it may be the result of the nat 










of the slag formed. The charts are self explanatory and the res 
are obvious. 

A resumé will be given in the following substance to facilitat 
anyone interested, in seeing just exactly what work was perforn 


and what fluxes were used in the production of the report gi 





in the previous three sections. 





Fourteen different combinations were used and the follow 
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will show the number of heats which worked and which did 
ork in this experiment. It will be of further interest to know 
21,274,618 pounds of metal were treated during this test. This 
int of metal is taken from those heats which were recorded, 
that well over 5,000,000 pounds of additional metal was ex- 
nented with before the starting of the recording of the ex perl- 
ts. Out of this 21,000,000 pounds there was 8,792,400 pounds 


ig iron; the remainder was scrap. Percentage of pig iron to 
















total metal, is equal to about 41.3 per cent. During this run, 
amount of lime used, was 1,706,200 pounds, which is equal to 
mit 8 per cent of the total metal treated. The amount of ore 
1, was 101,100 pounds, which is equal to about 14 of 1 per cent 
the total metal charged. The following is a list of the heats 
ced by the various kinds of fluxes. 
HEATS 


Not 
ar worked Worked 












0 16 
l‘luorspar and ash . oe l 16 
RMNEDS aa basi ecece sx my eae os oo 38 
Sas 2... : = ps GY tee ee ee ae | - 
Salt and Ash ... seas eee at es ee 14 
Calcium chloride and fluorspar . anes () 3 
Sodium fluoride .......... ers 0 3 
Caustie soda pee ey SEE RR cere ie’ had Sean () 2 
luorspar ash and mill seale ......... a () ] 
luorspar ash and silica ........... ae () | 
Salt, ash and fluorspar ............. ee () ° 
Salt and fluorspar eid Sanaa eines 0) 6 
Salt, ash, ealeium chloride ...... , : () l 
l‘luorspar and glass ........... ve eee 0) l 















(here are shown on the above chart 176 heats; forty-five of 
lich are listed under the heading ‘‘Not-worked’’. These forty- 
ve heats were worked after fluorspar had been added to the slag. 
herefore, in all 131 heats were actually recorded and investigated 
iring this experiment. 

The various amount of fluxes as shown in the following table, 
hich gives as a total amount of flux used 54,776, shows that with 
he 10,632 tons of steel made, we averaged shghtly over 5 pounds 
t flux to the ton of steel produced. It must be remembered that 
n considering this figure, we did not include any heats that were 

ide where no flux was used. The usual way of striking an aver 
for the amount of flux per ton to the steel produced, is to 
ke the heats over a long period and divide the tonnage of flux 
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used by the total production. By this method, usually up ¢ 
per cent of the heats included, have not had any flux used, there 
fore our figure perhaps will be high. The following is the li 
fluxes: 


+ 
0) 


FLUXES—AMOUNTS 


Sodium Sulphate 
Ns ian hace we be on Rdio hia wadew elie 
Silica 


Glass 

Fluorspar 

Soda Ash 

Total Amount of Fluxes 54776 Pounds 

In drawing conclusions from the above data regarding desu! 

phurization, it becomes important to refer to the work of Nead and 
Herty. The variables shown in their work influence the disposal 
of sulphur and perhaps lend an explanation for some of the high 
sulphur heats produced. Their information undoubtedly applies 
to other fuels as well. 


Nead in his paper ‘‘Absorption of Sulphur from Producer 
Gas in Open-hearth Furnaces’’ Transactions, A. I. M. M. E., Vol 


LXX 1924 has shown that if a gas high in sulphur is used, the 
metal and slag will absorb sulphur. Working with a coal with 
0.75 per cent sulphur, his conclusions are: 

1. Large quantities of sulphur, possibly up to 0.025 per cent 
or more, are absorbed from the producer gas by the charge in the 
open-hearth furnace during the melting-down stage; this is in addi 
tion to the sulphur already contained in the metal charged. 


2. This sulphur absorption imposes a greater burden of de- 


sulphurization on the slag than would exist if a lower sulphur 
fuel were used. 

Herty’s experiments at Lackawanna, Transactions A. I. M. 
M. E. Vol. LX XI 1925, confirm Nead’s investigations. Some of 
Herty’s conclusions are (They are taken from his paper ‘‘Some 
Factors affecting the Elimination of Sulphur in the Basie Open- 
hearth Process) ’’: 

1. A direct ratio exists between the concentration of sulphur 
dioxide over the bath and the amount of sulphur picked up by the 
scrap during melting. 

2. A direct ratio also exists between the concentration of su! 
phur dioxide over the bath and the concentration of sulphur in a 
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containing lime, when sufficient time has been allowed for 
librium to be established. 
3. The use of a gas free from sulphur will allow a much higher 
entage of sulphur in the charge of an open-hearth furnace. 
t. The use of gas free from sulphur will prevent the loss of 
due to high-sulphur heats encountered in present operation. 
5. Sulphur-free gas will be economical under certain condi- 
ns as it will allow a higher sulphur and, therefore, cheaper pig 













n to be used and as there will be no time lost on high-sulphur 

6. The economy in using sulphur-free coke-oven gas is much 

rreater than in using sulphur-free producer gas, on account of the 
rger volumes of producer gas which must be used. 

7. Clean coke-oven gas is economical under almost all con- 
ditions. The exceptions are when low sulphur charges are in use 
and when the time lost on high sulphur heats is very small, using 
these low sulphur charges. 

8. When burning any fuel in the open-hearth, the waste 
vases Should not exceed 0.035 per cent sulphur dioxide if sulphur 
absorption is to be avoided. 


























When ecoke-oven gas and tar are 
burned together, the coke-oven gas should be cleaned to 125-135 
crains of sulphur per 100 cubic feet of gas if high sulphur heats 
are to be avoided. If very large amounts of tar are used, 30 gallons 
per ton of steel, with the coke-oven gas, the sulphur content of the 
latter may be raised to approximately 150 grains. 

The conclusion of all of this subject matter may be drawn from 
those statements surrounding the chemistry of the slag and the 
fluxes used to dissolve the refractory compounds. The fluxes used 
have definite lines which divide them into the classes which pro- 
duce (1) Proper slags; (2) Proper slags combined with an efficient 
desulphurization and (3) Improper slags. The entire object of 
this paper has been realized when the data given on slags and fluxes 
has been turned over for the use of future investigators to pre- 
vent a repetition of constructive effort. 

The author wishes to express his thanks to the Inland Steel 
Company, the Michigan Alkali Company, Hickman, Williams and 
Company and the Aluminum Company of America for their kind 
d in producing the data contained herein. Recognition of the 
forts of W. E. Maxwell, Jr. and H. B. Hubbard of Indiana 
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Hlarbor, Charles L. Kinney, Jr. of South Chicago, and Fred 
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i = 
Furnace No 
25 Fluorspar 700 62,925 1.500 
if ae 9-9 o 
16 Fluorspat 800 953.600 500 
19 Fluorspar R00 974,150 2 OO 
24 Sodium Fluoride 225 253,150 
16 Sodium Fluoride 250 956.200 ; 
23 Sodium Fluoride 150 249,800 $060 
21 Soda Ash Q00 206.076 LO.00 
25 { Salt 400 } 939 630 


} Fluorspar S00 4 
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Dr. C. H. Herty, Jr.: I do not believe that one can make a stud) 
fluxes in open-hearth slags without taking into account the entire slag « 
position. I know that in a great many cases the fluorspar or soda as! 
either one, act in entirely different ways, depending on the composition 
the slag, the manganese content, the silica content, ete. The first questio! 
is on page 911, the ratio of silica to phosphorus in the slag and its variatio! 
with the per cent iron in the slag, and also the second part of the tabi 
where the ratio of bases to acids varies with the iron in the slag. 

LI have caleulated some of these ratios from data that I have, and I fini 
with my variation in iron from 20 per cent down to 6.5 per cent, that neit! 
of these two ratios hold at all, no regular variation of the factors given 
the table. The data are given below and are taken from a paper on ‘‘ Ch: 
ical Epilibrium .... in the Basic Open-Hearth Process’’, American Instit 
of Mining and Metallurgical Engineers, February, 1926. 
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Heat No. Iron in Slag sid, CaO +MgO 





P.O; Si0,+ P.O; 
R 20.67 6.51 3.91 
H 16.44 8.10 2.40 
N 14.60 6.96 3.40 
© 13.86 7.48 2.26 
B 13.15 5.95 3.02 
M 13.09 8.51 2.82 
G 12.40 8.14 2.36 
A 10.86 4.27 2.15 
K 10.24 10.40 3.56 
J 9.72 7.08 3.98 
P 9.36 11.15 2.38 
Q 9.16 10.86 2.57 
S 8.88 7.04 2.58 
L 6.46 9.85 2.57 





All slag components expressed as weight per cent. 






The second point is on page 911, where Mr. Lowry states that ‘‘the 
phur reduction is a function of the reactions of manganese which is re 
stricted by the iron oxide present in the slag.’’ I think that statement is 
ssibly correct in itself, but there are a good many other factors which one 
st take into account to combine with that, the viscosity of the slag and 
isicity of the slag are just as important as this, although this is probably 
ne of the factors that affects sulphur removal. 

The third point is where Mr. Lowry discusses the fluidity of the slags on 
page 914, second paragraph, in which he states that ‘‘Another feature which 
nfluences fluidity is the ever changing amount of P,O,. There is no accurate 
lata on the freezing points of this acid combined with CaO but it is certain that 

produces a fluid melt. There is a relation of P,O; to SiO, which governs, 
e.; the lower the SiO, the higher the P,O,. Hence, a changing fluidity and 
ese causes show why the results are so varying in slag production.’’ 

It seems to me that there is no definite relationship between silica and 
0; because the relative amounts depend entirely on the amounts of phos 

orus and silicon in the charge. If you have a high silica slag you have 
ore phosphorus in your metal, but that does not necessarily mean that the 
igher the silica in the slag the less the phosphorus in the slag. You can have 
lmost any silica with any phosphorus up to the amounts you put in, for the 
simple reason that the phosphorus in the metal is small compared to the phos- 
horus in the slag and the amount of variation is neglible compared to the 
phosphorus in the slag. 

In regard to the use of soda ash in the ladle on page 919, we tried the same 
thing Mr. Lowry did, on putting soda ash into the ladle, and on the heats 
tested we found no reduction in sulphur by the use of 200 pounds of soda ash 
n a 100-ton heat. The sulphur was just the same in the finished steel as it 
as in the tapping test. 
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a thin slag which dissolves your lumpy lime. 
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Finally you come to 


can, and you have dissolved 


thicken the slag and there is no more ash or fluorspar left 
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giving any reference 


[ would like to ask Mr. Lowry if he has any data o1 
work, and if the proportion of heats in which he had to use fluorspar o1 
fluoride to 


slag was not just as 


In checking over | 


heats that he has listed. 


be an excessive use 


heats would shape up without the use of fluorspar in their ordinary 
proportion, and I would like to ask what the coml 


a number of places a combination without, 


what the combination 








beeause I have not studied the paper thoroughly. 
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eost of that compared to caleium fluoride? It seems to 
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as been found from study of ores that titanium 
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i slag instead of silica the titanium will not combine with the man 
and the manganese will be more effective in removing the sulphur. 

is a suggestion that can be worked out by men who have an opportunity) 
se a titaniferous ore. 
| believe that the solution of improving the soundness of steel hes in thi 
tion of converting your CO gas that remains in the mixture into CQ, in 
mixture. In other words, burning it out. It is rather an involved theory, 
| think that is the method of approach, and the one thing that seems to 
ble to help to do that is the presence of manganest oxides in the mixture. 
se of some manganese ore in conjunction with titaniferous ore will im 
the equality of the steel by burning out the CO gas in the mixture. 
CO gas does not seem under all circumstances to have the power of work 
ts way out as a bubble, as a gas, as you know from your results, but you 
burn it up right in the mixture, and you can burn it up if you have man 
nese dioxide there. Now, ordinarily, if you put manganese in a melt you 
the manganese to burn out or to be removed. If you have enough 
ium oxide present to combine with the silica it protects the manganest 
le up to the final stages of the process, and then you get to a point where 
temperatures play an important part; by having a higher heat (say at 
st 3200 degrees Fahr.), at certain stages the CO gas will decompose the 
ess titanium oxide and leave you the metallic titanium in the bath. As 
r temperature is lowered, while you are waiting fot the pouring, that 


llic titanium will in turn take any oxygen there is still present in con 


netion with any other element in the bath and re-form a titanate which has 


tendeney to go on the outside of the ingot, contrary to the method of con 
ntration of other impurities, which either gather in the center, bottom 01 

Titanium oxide always tends to go to the outside on account of its 
eat affinity for oxygen and oxides, so you get your impurities on the out 
le of the ingot instead of the interior. All of which suggests a method for 


proving the soundness of steel by removing the gas, which usually consists 


CO gas, without having segregated solid inclusions, 

A. L. Femp: TI had intended to have a few words to say about Mr. Lowry’s 
per, but I shall take a few minutes instead to remark upon Mr. Roth’s dis 
ssion, Mr. Roth brings up the very interesting question of the effect ot! 
tania (TiO.,) in open-hearth slag and proposes it as an agent for burning 
t CO in the steel. It would be very much easier to burn out CO in steel in 

open-hearth by means of iron oxide, since it is a much more powerful 
xidizing agent than titania and is commonly recognized as such. Unfortun 
tely for Mr. Roth’s proposal, however, molten steel invariably contains carbon 
d when iron oxide or other oxidizing agent acts upon the steel, this carbon 
s oxidized with CO as one of the reaction products. As long as a metal bath 
ith a earbon content is subjected to refining reactions of oxidation, thi 
rmation of CO predominates over the oxidation of CO to CO.. It is well 
cnown, of course, that the oxidizing action of TiO, is, in the circumstances, 
egligible as compared with that of iron oxide. It is not conceivable, in fact 
it TiO, ean be reduced at all in the basie open-hearth, either by carbon o1 


CO. The customary procedure in removing dissolved CO from steel is by 
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the addition of a deoxidizing or reducing agent rather than an oxidizing 
and is referred to as ‘‘killing’’ the steel. 








When ferrosilicon is used fi 
purpose the reaction in question is 2CO+Si=Si0O,+2C. Granted that 
could be first reduced into the metal from the slag, the analogous r 











2CO+Ti=TiO,+2C would undoubtedly proceed. 





It is barely possibl 


reduction of TiO, might occur in the acid open-hearth in accordance 





the reaction Ti0,+2Fe=—Ti+2Fe0. 
(Closure. ) 








The first thing I want to correct is r: 








mending the use of sodium fluoride. 








recommending the 


The object of this paper was to develop a flux which 
However, the market price of s 
fluoride is 9 cents a pound, which would throw it way out of reach fi 
There has been a process developed which would bring it 
to 6 cents a pound, where a volume would be used, and with the lesser a: 
of sodium fluoride in comparison to the fluorspar used, it might be a 








be used as a substitute for fluorspar. 








steel industry. 

















sible agent to be used as a fluxing compound. 





The first gentleman brought up the question on page 925 that 
viscosity of these slags seems to be controlled somewhat by total percent 




















appertain to 











Fe Oto Fe,0,.’? 


statement that the conclus 


ash. It seems 


when the slag is highly oxidized you do not get the breaking up of sod 





bicarbonate 





dioxide. There seems to 
I do not know what it is, but the minute your oxide is 
you get the sodium oxide, which forms a sodium silicate and thereby red 





restriction there. 











the melting point of the slag. 





[ believe he also brought up the question on page 919 of mangan 
It was solely because of the manganese entering in that we took two la 








from the same tap and treated one and did not treat the other. 
test which we ran, we took one ladle and put the soda ash on it and got 
marked reduction, and that rather fooled us. 








To check the result 
one untreated and one treated ladle and the effect of manganese on the red 
tion of sulphur is shown by the untreated ladle. 











The 


we 


The other question was on page 911, the relation of acids to bases. 





experiment was performed out of my province altogether. 








Whether it has a true bearing on the relation of acids to bases of irons | 





not know, but at least in the experiments we ran it does bear importantly 





the conclusions that we have. 











that there ecombinations—those 


although not mentioned in the oral talk, are all listed, and the combina 








Some one else may have run experiments 2) 
they may be totally different in the results. 


tions are soda ash and spar, soda ash and sodium chloride, soda ash 





mill seale. Then ordinary glass 








one instance. I believe 


used nine or ten different types of fluxes and combinations, but they 














It was perforn 
by one of the large steel companies and given to me just as a matter of reco! 


combinations 
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AN EFFICIENT CARBURIZING FURNACE OF THE SUR- 
FACE COMBUSTION TYPE 


By Dr. A. E. WHITE Anp E. R. McPHERSON 








Abstract 


This article describes a new furnace installation un 
the Packard Motor Company. The results of tests run 
on these furnaces for the purpose of determining the 
temperature—distribution and regulation; production 
capacity; fuel oil consumption; quality of carburizing 
and savings over all equipment are set forth. The 
authors are of the opinion that the ideal type of carbu- 
rizing furnace is one of the compensating type. Photo- 
graphs of the furnaces and comparative data of tests 
run for the new installation as compared with the for- 
mer box-type furnaces are incorporated. 


N interesting carburizing furnace installation was recently 
4 completed at the plant of the Packard Motor Car Company. 
[t consisted of two oil-fired surface combustion furnaces, each one 
designed to handle 80 boxes of a gross weight of 250 pounds per 
box. 

The furnaces, which are used to carburize transmission gears, 
pinions, pinion shafts, etc., are 25 feet long, 4 feet wide and 22 
inches high to the spring line of the arch—inside dimensions. They 
are divided into a heating chamber where the work is maintained 
at the desired temperature for the time necessary to produce the 
required depth of case. The walls are of refractory brick, backed 
up with insulating material designed to procure the maximum 
amount of heat retention with the minimum amount of heat con- 
duction, or loss. The furnaces are enclosed in a heavy steel casing 
held together with steel buck-stays. The steel parts to be treated 
are packed in a carburizing material in metal boxes, which are 
placed on tracks, in an inverted position, and pushed through the 
furnace by means of hydraulic jacks, as shown in Fig. 1. 

Each furnace is equipped with four oil burners, although gas 
could have been used equally as well, two to each chamber, firing 
longitudinally into the combustion chamber or duct. The walls 
and roof of these ducts are composed of a highly conductive ma- 


A paper presented before the eighth annual convention of the Society, 
Chieago, September 20 to 24, 1926. Of the authors, Dr. A. E. White, is director 
‘f engineering research, University of Michigan, Ann Arbor, Michigan, and 
E. R. MePherson is associated with the Packard Motor Car Company, Detroit. 
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Fig. 1—TPhotographs Showing the Installation of Surface Combustion 
Furnaces Described in this Paper. 








Carburizing 
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al having a heat transfer rate approximately nine times that of 
The products of combustion, after entering the heating 






imber, are recirculated by means of a patented construction, 






ereby increasing the content of the noninflammable produets in 






. combustion mixture. This has the effect of lowering the com- 






stion temperature and smoothing out localized high temperature 






nes. Reeuperation is another feature of these furnaces, and all 





aste gases must leave the furnace through the reeuperator cham 






er, Where the air going to the oil burner is preheated. 






Some months ago a number of tests were run on these furnaces 






! the purpose of determining the following qualities. 






A—Temperature—distribution and regulation 
B—Produection capacity 

C—Fuel oil consumption 

D—Quality of carburizing 

E—Savings over all equipment 






The results of these tests are recorded and discussed in this 






paper, 







TEMPERATURE—DISTRIBUTION AND REGULATION 










Hive thermocouples were located in one of the furnaces as 
shown in Fig. 2. These were inserted through the roof of the 






furnace between the two rows of boxes; the couple ends extending 






from four to six inches below the top of the boxes. They were kept 






in their respective positions during the day of the test. 






> 


The readings from thermocouple No. 1 are given in Fig. 3. 






This thermocouple was located six and one half feet from the inside 






of the charging doors or at the fifth pair of boxes from the charging 





door. The thermocouple was attached to a recorder. The auto- 





matic burner control for the heating zone was set at 1550 degrees 






ahr. 
The temperature readings taken from the chart show a 
periodic variation of from 15 to 20 degrees Fahr. due to the inser- 






tion of cool carburizing boxes. This periodic variation of tempera 
ture at the charging end cannot be materially decreased, due to the 
specific heat of the cool charge and the heat losses due to the open- 







ing of the door. 

The condition in the soaking zone—the zone of the furnace in 
which elose control is most desired—is given in Fig. 4. The 
furnace was purchased with a guarantee of 10 degrees Fahr., con- 
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trol and these chart readings indicate this control was to a! 
tents and purposes, reached. 









A short time test for the vertical temperature distribution 
was made. This was done by inserting a triple pointed the 
couple between the box rams at the beginning of the soaking ; 
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Fig. 2—-Summary Chart of Temperature Distributor and Regulator for Continuo 
Carburizing Furnace. 














Each of-the three points was two inches above the bottom, middle 
and top of the box level, respectively. The test showed no dis- 
cernible temperature difference at the three elevations. 


In addition, the temperature inside four successive boxes was 
measured by inserting a preheated thermocouple inside partially 
opened boxes and noting the maximum temperature reached. In 
each case this was 1610 degrees Fahr. The actual temperature. 
however, was believed to be 15 to 20 degrees Fahr. higher as it was 
difficult to insert the tip of a thermocouple into a partially opened 
box more than a few inches. Without any question, however, the 
temperature of the stock is above the minimum quenching temper- 
ature specified—namely 1550 degrees Fahr. 


B. Propuctrion CAPACITY 


The furnaces were guaranteed for a production of 80 boxes 
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Fig. 4—Curve Showing Temperature Condition in the Soaking Zone of the Furnace. 
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of a gross weight of 250 pounds per box per day. This woul 
each furnace a gross output of 833.3 pounds per hour. 
The actual production at the time of the test was 1115 | 


} 


of gross weight per hour. In other words the furnace ex 


its guaranteed production capacity by 33 per cent. 


The distribution of the weight in each box follows: 


Box a : .. 147 pounds 
Lid vs 65 pounds 
Carburizing Compound 20 pounds 


Gear Charge 64 pounds 


Total 296 pounds 
C. Fuet Om CONSUMPTION 
The fuel oil consumption was measured by using altern 
two, four-gallon graduated tanks which were connected int: 


main furnace feed line leading to all of the four furnaces. 


.> Re ee eee ee . 9:35 A. M. to 5:10 P. M.—7 in 


Oil consumed at 97 degree Fahr. 48 gallons 


Gross weight discharged during test 
Net weight discharged during test 
Number of boxes charged 

Average gross weight of boxes 


8228 pounds 
1726 pounds 
28 


64 pounds 


Specific heat of charge 
Heating value of oil 
Pounds of oil per gallon 
urnaece temperature 
Room temperature 


0.165 (estimated) 

18600 B. T. U’s per poun 
7.2 pounds 

1650 degrees Falr. 


S() degrees Kahr. 
Oil Consumption 
48 gal. 
7.984 hours 


8228 lbs. 


3.32 gallons per hour. 


171 pounds—gross weight discharged per 


48 gal. . 
= during test. 


1726 lbs. 
48 gal 
28 hours x 296 lbs. 


48 gal. 


* * 


36 pounds—net weight discharged per gallon d 
test. 


173 pounds—gross weight (average in furnace) 
gallon. 
23 boxes x 64 lbs. 
48 gal. 37.4 pounds—net weight (average in furnac 
gallon. 
Furnace E fhicie ney 
Pounds production per gallon x specific heat X temperature Difference 
Heat supplied 
172 lbs. x .165 x (1650 — 80°F) 
7.2 lbs. x 18600 B.T.U’s 
36.7 lbs. x .165 x (1650 80°F.) 


7.2 lbs. x 18600 B.T.U’s - per cent net efficiency. 


9» 
~” 


3.0 per cent gross efficiency 
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(he furnaces were guaranteed to treat 80 pounds of gross 
ht per gallon of oil. As a matter of fact, they practically 
led their guarantee by treating 172 pounds of gross weight 
vallon in place of the 89 pounds specified. 

They showed 33.3 and 7.1 per cent gross and net efficiency 
eetively. This is unusually high for oil-fired furnaces. Most 
red furnaces do not show a gross efficiency beyond 5 to 10 


cent or a net efficiency beyond 2 to 2.5 per cent. 


D. QUALITY OF CARBURIZING 
Test pieces taken at different positions from successive boxes 
ring a regular production run showed regularity in case depth as 
‘orded below. 


Steel (‘ase Depth in Inches 
] 5% Nickel Steel 


0.039 


SD oe POWOmer SCORE fo wc cece ce ciwenec cae Wee 
Stites, TUT OOO ks ow wae dh wwe wea wes ers 0.035 
+ 1% Nickel Steel ........... evita ore 0.035 
Re Ra er cr 0.035 
ce SOW NN ge alla Wowk een www QUE 0.037 
Re er aera ee . 0.042" 
De eee AE ccc cb uo acuese cscs): ee 
» Piam Carton .<.. 66.5... ccs cwee = 


“Repeated tests of stock showed variation 0.0165 to 
0.0425 inches. 


SAVINGS OF CONTINUOUS CARBURIZING FURNACES 





These two carburizing furnaces replace 31 stationary oil-fired 
hearth-type furnaces. 

A comparison of the operating costs of the two installations 
shows a marked saving to the credit of the new furnaces. This 
saving on a very conservative basis, amounts to $45,520.00 per year, 
vhich is 82.8 per cent of the cost of the new installation. The 
saving is due to a reduction in the number of men required, a 
naterial saving in the carburizing compound and a material redue- 

nm in the fuel cost, as these new furnaces consume only slightly 
nore than 1/7 of the oil required for the older installation. 

No mention is made of the saving due to the increased life of 
the carburizing boxes. Thig.is a very material factor, though it is 
ne on which there is apparently little information in any of the 
eat treatment plants in the country. 

For furnaces of the capacity discussed in this article, a life 
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of 5000 hours for carburizing boxes is considered fair. <A f 
operation per year of 6000 hours would require an annu 
penditure per furnace for boxes and covers, of $51,750.00. 
figure is based on the assumption that the carburizing boxes se]! fo, 
95 cents per pound, with a 20 cent rebate per pound upon the re 
turn of the old box stock. If box life were 7000 hours, th 
would be $36,964.00 and if the life were 14,000 hours the annual 
box cost would be $18,483.00. It is appreciated that these ficrres 
are somewhat high, because of the fact that it is possible to pro- 
cure carburizing boxes in quantities at lower prices than 1 
just mentioned. 

Likewise, it should be pointed out that the deterioratio: 
carburizing boxes is probably due more to rapid heating and 
eooling than it is to the influence of the conditions within the 
furnace. Unless a direct flame heats the box it should not undergo 
‘apid deterioration unless it is abused by rapid heating and cool. 
ing. So far as the installation at the Packard Motor Car Company 
is concerned, the furnace conditions are such that they would get 
the same box life as electrically heated furnaces. 

The ideal type of carburizing furnace is one of the compensat 
ing type. In such a furnace the boxes are slowly brought up to 
heat and are slowly cooled. This results in making it possible to 
efficiently utilize the heat in the box as the box cools from the 
carburizing temperature and likewise such a condition tends to 
prevent to the maximum warpage of the box. Therefore, it is 
safe to predict that the life of carburizing boxes in compensating 
furnaces, would be double if not triple that in the ordinary type of 
carburizing furnace. It is appreciated that compensating furnaces 
eannot be used for all carburizing operations, as in many opera- 
tions it is desired to quench the stock from the carburizing temper- 
ature. Yet, where it is possible to use compensating furnaces, box 
life saving amounting in most installations to thousands of dollars 
per year would be effected. 

The comparative data for the new installation as compared 
with the former box-type furnaces, follows: 


’ + 
OS 


OSe 


New Installation Replaced Furnaces 
Net output gear stock per hour 482 lbs. 482 Ibs. 
Compound used per year 226 tons 452 tons 
Labor cost per year $12,500.00 $31,200.00 
Oil cost per year $ 4,750.00 $29,000.00 
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ompound cost per year ..... $13,550.00 $27,120.00 
otal yearly operating cost not 
including maintenance 
\ctual eost of two furnaces 
CUD os ccse sins ines 
Interest, depreciation, insur- 
ance taxes—20% of 
COPE vv v nsec eceesss 
fotal yearly charge ......... 
‘otal yearly saving 
$87,320.00 — $41,800.00 
Return on investment per year 
$45,520 


$55,000 


$30,800.00 $87 320.00 


$55,000.00 


$11,000.00 
$41,800.00 


$45,520.00 


82.8% 
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DISCUSSION 


Kk. C. OSTERMAN: I did not receive an advance copy ol Dr. W 
paper, as otherwise | would liked to have prepared a more thoroug 
cussion of the same. 

| question Dr. White’s statement that the compensating type of 


izing furnace is the ideai one, especially since this type of furnace ret 


the many unsatisfactory features of the old and more or. less antiq 


batch type furnace, including such items as the initial cost of boxes, 
high labor cost in packing and handling them, and the low overall effi 
of such a furnace. From Dr. White’s itemized statement of the w 
of each box, and of the compound and gear charge in it, you will not: 
the total weight is 296 pounds. If the compensating furnace were per! 
and if 100 per cent of the heat generated was delivered to the furnac 
operation would only be about 21 per cent efficient, because of the 
weight of each unit of charge of, 296 pounds, only 64 pounds is gear ch 

Considering the great initial cost of the installation, of the boxes 
must be handled, and the labor cost in packing such boxes, the hourly o 
of the equipment at 482 pounds is not exceptional. Furthermore, the 
no reason why a furnace of the compensating type would give a more uni! 
depth of case hardening than any batch type furnace, and whatever 
jectionable features there may be in the batch type furnace, that is the fui 
in which you load a box or two, are retained in the compensating fun 
The feature of pushing boxes through the furnace mechanically only 
been added to the old type of carburizing furnace. 

[It would appear that the uniformity of case would favor the ordi 
batch type furnace because of the fact that in the compensating fur 
with cold boxes being heated on one side only neither the box nor its 
tents attain the carburizing temperature uniformly. 


In a previous paper some question as to the controversy between 
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{ electricity Was raised, | do not think that is quite apropos be 


the gain made in that instance by the electric furnace was due to thre 


installation and not to the type of fuel. Such a furnace might have 
lesigned to use any other fuel, and equal or perhaps greater savings 
have been shown due to. similarly elaborate recuperative features 
orated in its design. 
\. HALL: I would just like to say a word in regard to Mr. Ostet 
s remarks. He said that in the box type of furnace or in a continuous 
f furnace, such as Dr. White described, the fuel was not important. 
ee with him. Dr. White made a remark that we should not compare 
the present furnaces in operation with the more modern type of furnace. 
ntend that today we can design and build furnaces for any fuel, gas, oil 
tricity which will give the same uniformity of heat distribution and the 
accuracy and sensitivity of control, so the type of fuel to be used 
ny furnace, box or continuous, depends upon local conditions and economy. 
Mr. Osterman did not bring out what he really had in mind, We all 
the type ot equipment he is interested in and it is a very good type. 
there will still continue to be many applications where the loading of 
rial into pots will be the desirable way to handle it for carburizing con 
ons. and in that case we will have to contend with our lower efficiencies, 


to the weight of pots and packing material. 


Kk. C. OsrTerMAN: The ratio of carburizing compound to gear charge, 
ding to Dr. White’s paper, was roughly one to three. In the rotary 


rt earburizing machines using compound, the ratio of work to compound 
sually 20 to 30 pounds of work to one pound of compound, In some cases 

ratio of work charged to compound used is as great as 40 to 1; that 1s, 

pounds of work have been earburized using only 20 pounds of compound. 

I. A. HALL: I just want to add another word that has occurred to me 
om the standpoint of a furnace designer. I do not know how many of you 
ows analyzed the results given in this paper, but you are approaching 
y near the maximum efficiency possible with that type of equipment. In 
er words, your flue losses represent practically all the loss; your radiation 
ss is very low and you are reaching almost the maximum possible efficiency 
it could be obtained. 

Dr. A. E. WHITE: I am very glad, indeed, to be corrected in regard to 
nything that I may have left with you with regard to the fact that I con 
ler these furnaces the ideal type of carburizing furnaces. I do not con 
der any furnace an ideal type of earburizing furnace until we can get away 
tirely from the carburizing box, because if you will analyze the weights 
re, you will find that we are actually heating per box something over 200) 
inds of dead box material for the purpose of doing something on 64 pounds 

material. Yet I do not quite at this moment know how we are going to 
ach this ideal condition in all cases. I appreciate that carburizing is done 

cases in which no carburizing boxes are used. Yet you also appreciate 
at those furnaces are not applicable, so far as I know, to all types of 
naterial which it is desired to carburize. And, therefore, 1 do not quite see 


here our Elysian day has arrived. And yet I think we all agree that we 
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are hopeful sometime or other to be able to cut down materially 
of dead, useless material which we are daily putting through ow 
in the carburizing operation. Nor did I wish to convey the impre 
there is no field for a batch type furnace. I realize that there are 

cerns that are engaged in small carburizing operations that will ha 
a furnace for the batch type. As a matter of fact, this record 

could have been an efficiency record of a batch type furnace just 
as it could have been an efficiency record of a 


y 


continuous 
in all respects, possibly with the exception of the labor, that is, 


ciency of the furnace might have been nearly the same. 

I think, too, that another thought has been opened up, namely 
of the amount of carburizing compound which is necessary for a give: 
tion. And it is possible through a closer analysis of operating 
plants to use less carburizing compound than some of them are no 
That cut down in cost must be done with discretion, because one n 
eut the carburizing compound down to a point such that they will 1 
sufficient depth of carburizing nor a uniform quality of carburizing. 

E. C. OSTERMAN: By way of emphasis may I again call attentio: 
ratio of compound to work as given in Dr. White’s paper. It 
less than one pound of compound to three pounds of work. Using 
retort carburizing machine it is possible to carburize using on 
of compound to 20 to 30 pounds of work and in some cases this rat 
been reduced to one pound of compound to 40 pounds of work. 

Dr. White agrees that it would be a mighty fine thing if th 
burizing box and lid could be dispensed with. A way to do this 
been found but the rotary carburizing machine more nearly approacli 
ideal than anything which has been developed up to this time. Th: 
of work to retort is 1 to 1 and in many cases much less, perhaps 
pound of container to 1 pound of work, whereas with the equipment 
discussion the ratio is 212 pounds of box to 64 pounds of work, or mor 
three to one. 

Furthermore the box must be heated each time that a charge is 
in the furnace; but after the first charge, work goes into the red hot ret: 
the rotary carburizer and not into a cool box which must be heated. 

Dr. White brought to our attention the fact that for many ki 


is 


work boxes must be used. This may be so but rotary carburizers s! 


certainly be used for the work for which they have proven themselves 


adapted. And when it is considered that work ranging from parts weig 
only 1/6000 of a pound up to pieces weighing 500 pounds each are be 
treated in the same machine we will have to agree that it is rather a vers 


machine at that. For other classes of work such as rods, cam shafts, 


shafts and large gears which cannot be conveniently treated in the ro! 


machines a vertical retort carburizing furnace has been developed which 
ates on much the same principal as the rotary carburizing machine. 
gears up to 28 inches in diameter are being successfully treated. 


H. B. KNowtron: I would like to ask Dr. White a question whi 
purely for information. What is the effect of passing into the cooling 
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uperative furnace upon the carburizing conditions in the pot? Will 
iny decarburizing action while the pot temperature is dropping from 
mum carburizing temperature to the lowest temperature at which 
ng or decarburizing may take place? It has been reported that when 
temperature drops slightly there is a tendency for air to be sucked 

the lid, probably producing an atmosphere rich in carbon-dioxide at 
of the pot. It is claimed that such conditions will cause decarburiza- 

) you find this to be the case? 

A. E. Wuite: I do not know as I ean answer that exactly. | 
think we have enough information and data on the subject to answer 
ly. Of course, we were speaking of the value of the compensating type 

ce in earburizing only for that type of material which is to be 
ooled and also I would assume that any designing engineer designing 
ensating type of furnace would see to it that the soaking zone is of 

capacity so that the metal can be held at heat for the required 
of time. In the cooling zone the action you would get in the atmos- 
vould be duplicated, excepting that the heat in the boxes undergoing 
would be absorbed by the boxes that were about to undergo heating. 
e was any sucking of air into the boxes I would assume that the air 
be sucked into the boxes that were in the atmosphere even more quickly 
hey would be in the furnaces. 

Likewise, in some of these compensating types of furnaces the lids are 
bottom and therefore the air would, the heavier monoxide air has a 
opportunity, I would say, to be entrapped and held in than it would 

th the lids on top. 

W. B. Crowe: In my opinion, I do not consider that the box itself, from 


e standpoint of dead-weight, causes as much time and heat loss as the in- 
ting property of the carburizing material. 


In the study of the application of gas carburizing, it appears that a 
uneed reduction of these heat and time losses through lag, would be 
nportant consideration. 

W. A. Timm: Mr. Chairman, inasmuch as there has been considerable 
ssion this morning regarding the use and life of carburizing boxes, I 
to point out that the electric recuperative furnace described in my 


er was used exclusively for annealing. 


\t the present time, all parts are annealed in heat resisting alloy boxes 
weigh practically as much as the parts put in them. 
The Western Electric Company, Incorporated, has perfected a method 


annealing, in which the parts are piled either directly upon the top of 


furnace car or are put in perforated metal baskets which are placed on 
car top. <A single heat resisting alloy hood is then lowered over this 


and is sealed to the car top with foundry loam. This method materially 
ces the amount of tare metal to be heated. 

Small iron castings such as covers for repeating and retardation coils 
simply piled upon the car top and are annealed without any protection 


tever. 











































CYANIDE BRITTLENESS 


By V. EK. HiumMan aAnp E. D. Cruark 








Abstract 

This paper deals wath a discussion of cyanids 
tleness and points out that the popular misconceptio 
rele rence to the brittle NESS of the Core has hee i disp 
The authors discuss thee mechanism of rupture Mah 
CASE intact and the case re moved and substantial: 
results of their investigation by curves and photogra 
evide nce. 















OW earbon steel held at 1500 degrees Fahr. for 30 






+ and quenched in the usual manner in water will not 
to heat treatment to any marked degree. The metal 
tough and duetile, and the tensile strength and elastic | 
only slightly affected. On the other hand, low carbon st: 


mersed in a molten bath of sodium eyanide, salt and soda 









30 minutes at a temperature of 1500 degrees Fahr. and 
quently quenched in water, possesses a martensitic case o} 
to 0.006 inch in depth and a core which invariably appears 


extremely brittle. Such fragility is contrary to well known 








lurgical experience. The lack of toughness in the core is 
uted by some writers to the absorption of nitrogen. It is sa 
evyanide embrittles the steel, due to the presence of nitride p 
and needles. This may be true insofar as the ease is cone 
but the core is not similarly affected. Admittedly Fe,N or | 
contributes to the mineral hardness of the superficial nitr 







ease, but the afore-mentioned compounds have little or no 
upon the core. It is not the intention of the authors to chal 
the data which has been recorded by other investigators, but 







aim and purpose of this paper is to set forth the results obt 
in this laboratory. 

Six standard tensile test specimens were immersed in 
mercial cyanide bath at 1500 degrees Fahr. for 15 minutes 
then quenched in water. The afore-mentioned procedure was 
peated at 30, 45, and 60-minute intervals. <A total of 24 s; 






mens were quenched. The percentage reduction of area and 









sile strength in pounds per square inch were noted. The r 

A paper presented before the eighth annual convention of the 
Chicago, September 20 to 24, 1926. Of the authors, V. E. Hillman is dit 
of chemical and metallurgical research, and E. D. Clark is metallurgist, 0! 
Crompton and Knowles Loom Works, Worcester, Mass. 
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irea furnishes a valuable indication of the ductility ot 






(| under examination. Graphical data is presented in 





The percentage reduction of area incident to water 





io varies inversely with the time of immersion. Extreme 





ess is noted at 30. 45. and 60-minute intervals. The cross 





area of the specimens presented the character of a quick 






fracture with a erystalliné appearance. A erystalline frac- 











aeicepecaataaacilaias iicetedinnte niece npc 
4+! 

6 ono | o Enna reesei haaeninnetinsiiass 90 
10,000 | + ‘ Water Gvench 
~ | 

80,000 | I cntapieeailanaa tL —___..____ 60 
| Ou Quench 

ans 170 








’ si Jess + 
| Bios | 60 
| 
| 






30 


sn ann | + + 


Ou Quench 







40 


30 


Percentage Reduction of Area (2) 






Water} Quench 








QU 







Time of Immersion In Minutes 







le Strength of Standard-S 
lest Specimens which were Heated in a Cyanide Bath at 1500 
Degrees Fahr. for Various Periods of Time and Quenched in Water 
\ l 1S I Steel Carbor 0.1 Manganest 0.32%, Ph sph rus 
0.097%, Sulvhur 0.109¢ Analysis of Cyanide Bath: Sodiu 
Cvanide 43.5%, Sodium Chloride 44.5%, and Sodium Carbor 













isually results from intercrystalline failure. The brittleness 


he metal becomes more pronounced as the period of cyaniding 





eases. The percentage reduction of area decreased from 62 





0 per cent. A 30-minute cyanide treatment, which conforms 





standard shop practice, gave rise to a reduction of area of only 





t per cent. By the same token, the tensile strength of the metal 





reases as the period of immersion is prolonged. This value 





s also an index of brittleness. It will be observed that the tensile 





oth inereased from 62,000 to 95,000 pounds per square inch 





the water quench. These graphs are introduced to establish 





apparent brittleness of the core of casehardened products. 





ilar results were obtained with oil quenching, although to a 





ser degree. The physical properties of the annealed test speci- 






is prior to experimental heat treatment were, tensile strength 
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62,500 pounds per square inch; reduction of area—62 p; 
Forty-two additional standard test bars were cya) 













































groups of six, for varying lengths of time at 15-minute entage T 
up to 60 minutes and thereafter at 14-hour periods unt lence. ‘I 
of 214 hours were consumed. The specimens were taken entage 
molten bath and cooled in sand, and the superficial case 
moved by turning the specimens in a lathe. The resultin 
119000 
“¢ 100,000 7 
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~ To,000 1” = 
£ 01 ench 3 
5 ‘Water Quench Ge 
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s 50900 50 E 
; p 
- 40000 od 
” 0 90 120 150 
Time of Immersion In Minutes 
Fig. 2—Curves Showing the Tensile Strength of Standard-Size 
Test Specimens Heated in a Cyanide Bath at 1500 Degrees Fahr. 
for Various Intervals of Time as Indicated. Cooled in Sand. The 
Diameter Between the Shoulders was then Turned Down to 0.400 
Inch and the Specimen Reheated to 1500 Degrees Fahr. and oty it} 
Quenched. Analysis of Steel and Bath Given in Fig. 1. e 
bath 
ter between shoulders was 0.4 inch. The test pieces were reheated shows 
to a temperature of 1500 degrees Fahr. in an electric furnace, be not 
quenched and tested. The cross sectional area of the specimens pound 
revealed a fibrous appearance which presented a grayish mass | porate 
110,000 
3 ec 
E 100,000 100 p 
x = The t 
oes es 03 im 
80,000 so 3 The j 
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Fig. 3—Curves Showing the Tensile Strength of Standard-Size was 
Test Specimens Heated in a Cyanide Bath at 1500 Degrees Fahr. a 
for Various Periods of Time as Indicated and Cooled in Sand. The The 
Diameter Between the Shoulders was Turned Down to 0.300 Inch : 
and then Reheated to 1500 Degrees Fahr. and Quenched. Analysis Fig 


of Steel and Bath are Given in the Caption of Fig. 1. 
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broken ends. Fig. 2 sets forth the results obtained. An 


tion of the water quenching curve which records the per- 









exalt 
entage reduction of area indicates that no brittleness is in evi- 
lence. The value is nearly constant. That is to say, the per- 









reduction of area remains in the vicinity of 62 per cent, 
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Fig. 4—Curves Showing the Tensile Strength of Standard-Size 
Test Specimens which were Heated in a Cyanide Bath at 1500 
Degrees Fahr. for Various Intervals of Time as Indicated and 
Quenched. The ‘‘Case’’ was Removed by Grinding. The Diameter 
Between the Shoulders was Turned Down to 0.400 Inch. Analysis of 
Steel and Bath are Given in the Caption of Fig. 1. 













notwithstanding that the specimens were immersed in the cyanide 
bath for varying lengths of time. The tensile strength curve 
shows precisely the same tendency to remain constant. It is to 
be noted that the curve manifests a tendency to follow the 80,000- 
pound per square inch abscissa. Oil quenching data is incor- 










porated in Fig. 2 as a matter of reference. 

To substantiate the results obtained, a third set of forty-two 
specimens were machined. A set of six comprised each group. 
The test bars were cyanided, cooled in sand, turned in a lathe to 
(.3 inch in diameter, reheated in an electric furnace and quenched. 
The instant procedure was precisely the same as that adopted for 
the construction of Fig. 2, save that the specimens were turned 
to 0.3 instead of 0.4 inch diameter. (Fig. 3.) Again brittleness 
is lacking. This statement is borne out by the percentage reduc- 
tion of area and tensile strength values. 

As a final proposition, forty-two specimens were again cyan- 
ided for varying lengths of time, and then quenched. The case 
was removed. by grinding with the aid of a copious flow of water. 
The diameter of the specimen between shoulders was 0.4 inch. 
Fig. 4 illustrates the results obtained under the afore-mentioned 
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Fig. 5—-Photograph Illustrating the Character of the Specimens 
Referred to in Figs. 1 and 2. The Contrast Between the Brittle and 
Ductile Fracture is Plainly Discernible. The T'wo Samples Show a 
Wide Variance in Physical Properties. Mag. 2x Fig. 6—Photograph 
Showing the Fracture (on the Left) Resulting After the ‘“‘Case’”’ was 
Removed. The Fracture on the Right is that Resulting by Testing of 
the ‘Case’ Intact. Mag. 2x. Fig. 7——-Photograph Showing Fractures 
if OCyanided Studs Which Failed in Service. There is Practically n 
Ductility in These Specimens as Shown by the Fracture. 
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Photomicrograph Showing the Cracks which Appear on the Surface of a Cyanided 
en when it is Subjected to Stress. These Fissures Act as Seats of Rupture, thereby 
Ductile Core to Break ‘“‘Sharp.’’ Grinding Away the ‘‘Case’’? Removes the Point 
( Region of Incipient Breakage. Mag. 52x. Fig. 9—Photomicrograph of a 

Cyanided for 45 Minutes at 1500 Degrees Fahr. and Quenched in Water. Depth of 
Inch, Mag LOOX, 


rocedure. Duetility is still in evidence. The percentage reduce 
ff area and tensile strength in pounds per square inch sub- 
stantiates this viewpoint. The water curves show a slight average 
nerease in tensile strength and a corresponding decrease in the 
ntage reduction of area, as against similar curves illustrated 
n Figs. 2 and 3. The extreme brittleness evident in Fig. 1 is still 
ng, however. 
The idea oceurred that the brittleness of the core after the 
removal of the case might be more pronounced if the specimens 
ere cyanided at lower temperatures. Mention has been made 
encountering a eritical range wherein the brittleness of the 
is more evident. A number of specimens were ecyanided for 
varying lengths of time (15 minutes te 2 hours) at temperatures 
of 1400, 1425, 1450 and 1475 degrees Fahr. The standard speci- 
mens were quenched in water. The diameter between shoulders 
was ground to 0.4 inch. The results obtained on the tensile ma- 


‘hine duplicated the properties plotted in Fig. 4. The reduction 


rea hovered around 50 per cent. The values obtained indicate 
the core is not affected at the afore-mentioned temperatures. 
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Fig. 10—Photomicrograph of a Specimen Cyanided for 45 Minutes at 1500 Deer 
und Quenched in Water. The Photomicrograph Illustrates the Manner in which a | 
Case Fails when Subjected to Stress. The Brittle Outer Layer ‘Snaps,’ Whereupon R 
‘is Rapidly Transmitted Through the Ductile Core. The Brittle Case Acts as a § vf 
Rupture. The Photomicrograph Illustrates the Appearance of a Longitudinal Section of Met 
which as been Stressed with the Case Intact. Mag. 100x. Fig. 11—Photomicrogra fa 
Specimen Cyanided for 45 Minutes at 1500 Degrees Fahr. and Quenched in Wat \ 
Cyanided Specimen which has been Subjected to Stress. The Path of Rupture Swery. 
Slightly when it Encountered the Tough Ductile Core. The Load was Released 
Breakage Occurred. If the Metal were Pulled Asunder a Sharp Crystalline Structur: 
Approximately 3 Per Cent Reduction of Area would have Manifested Itself. Mag. 1 


The decrease in the percentage reduction of area is occasioned 
by the slight response of low carbon steel to heat treatment. 
The opinion was advanced that the apparent brittleness of the 
core with the case intact is probably due to the strained conditio 
of the metal incident to quenching. In view of the suggest 
a number of specimens were cyanided for varying lengths of time 
(15 minutes to 1 hour) at 1500 degrees Fahr., quenched in water 
and reheated to 212 degrees Fahr. for 1 hour. The specimens were 
tested for percentage reduction of area. Notwithstanding the 
drawing treatment, marked brittleness is still in evidence, in 
the reduction of area remains in the neighborhood of 4 per cent 
The foregoing data indicates that a piece of steel which has 
been cyanided and quenched in water will snap readily when su 
jected to stress. When the case is removed the same metal pos 
sesses ductility. Therefore, the brittleness in the core is apparent 
and only apparent. The visible lack of ductility in the presence 
of the hard superimposed shell is occasioned by the intertwining 
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ins in the case and core. In the region where carburiza- 
- nitrodizing, if the term is more appropriate) ceases, the 
.d soft erystals are so mutually involved or enfolded that 
hen the outer brittle layer is ruptured, failure is rapidly trans- 
nitted through the interior. Briefly, the brittle nitrogenous case 
ets as a seat of rupture. When the * 


rd al 


‘ease’’ is ground away the 
sint of origin or the region of incipient breakage is removed. 
When the ‘‘ease-free’’ metal is subsequently subjected to stress, 
-embrittlement is in evidence. 


CONCLUSIONS 


1) Water quenched parts, eyanided at 1500 degrees Fahr., 
re brittle. 
2) Brittleness in the core is apparent and not real. 


‘> 


3) The core possesses ductility. 
{) Breakage of cyanided products is 
treme brittleness of the case, which gives 
ack when sudden shock or a steady load is 
5) When inchoate rupture is once 


developed by the ex- 
rise to an incipient 
applied. 
effected, breakage is 
rapidly transmitted through the core, because the erystals of the 
hard surface and tough interior are mutually involved or inter- 
twined. Breakage is somewhat analogous to a detail fracture, in 
at the hair line cracks which develop in the ease act as seats of 
rupture. 
6) The brittleness of cyanided 

strained condition of the metal. 


‘ 


parts is not due to the 


Oil-quenched parts cyanided at 1500 degrees Fahr. do 


not possess the marked brittleness which is characteristic of water 
immersion. 


Oil-quenched specimens possess a satisfactory degree 


| hardness. 
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Written Discussion: 


DISCUSSION 


y V. O. Homerberg, Cambridge, Mass. 


Woodvine, in his paper ‘‘The Behavior of Case-Hardened Parts 


Fat igue Stresses’ 


and published in the Carnegie Scholarship Memoirs 


sritish Iron and Steel Institute, Vol. XIII, 1924, obtained results si 


to those of the authors. 





Specimens of a plain carbon steel were carb 
for eight hours as measured from the time of charging, refined, then 
hardened and tested. 


Both case and core together, and the case alon 
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hardened condition broke without any elongation or reduction of 
elastic limits of the case alone and of the case and core together 
dened condition were found to have practically the same values. 
sults were obtained with a 3 per cent and a 5 per cent nickel steel. 
igh Woodvine does not state the nature of the carburizing com- 
s doubtful if any iron nitride is produced in the carburizing. 
present paper verifies the observations as to tensile tests on case 
parts by Woodvine. 
difficult to visualize the embrittling of the core by the effect of 
from the cyanide when it is realized that the depth of penetration 
¢ the gas, NH,, for a considerable length of time is not great. It 
seem as though the use of this gas should cause a more rapid and a 
penetration than the use of cyanide. 
brittleness is undoubtedly due, as the authors state, to the extreme 
ness of the case. The concentration of the stresses at the terminal 
erack or failure would readily cause further rupture of the material so 
make the core appear brittle. 
xception is to be taken to the statement that a crystalline fracture 
results in an intercrystalline failure. Intercrystalline cracks have 
bserved in only abnormal cases such as the hardening of steel from 
ily high temperatures, the embrittlement of boilers when subjected to 
on of alkaline water for a long period of time and in the ‘‘season 
ng’’ of brass and similar alloys. Any evidence of such an observation 
he present investigation would be appreciated by those who are studying 
echanism of intererystalline failures. 


e 


Written Discussion: By S. P. Rockwell, Hartford, Conn. 


lis paper is the first coming to my at*‘ention in which physical tests 
racy have been made. I regret that i-:pact tests were not made and 
inalysis for nitrogen was neglected. There seems to be no doubt that 


led steel increases in nitrogen. Brophy and Leiter, A. S. 8S. T. Vol. I, 
a * 


d’Areambal, A. 8. S. T. Vol. II, No. 12. There further seems to be 
bt that nitrogen is a harmful element to introduce into steel in quan- 
Vanick, A. 8. 8S. T. Vol. IV, No. 1. 

e question arises, is the effect of nitrogen introduced by cyanide 
ime in its effect on steel as that introduced by ammonia? Brophy based 
rittleness idea from the bending of annealed cyanided wire ;; inch in 
ter of which the cyanide case had been removed. 
Government impact tests on cyanided versus lead hardened gun parts 
119 with and without removal of case showed a decided but erratic brit- 
ss due to cyanide. 

both the above cases a doubt of accuracy exists as no data is given 

or not the cyanided case was entirely removed. The work by Hill- 
ud Clark seems to have eliminated these features. 


Oral Discussion 


J. MERTEN: Mr. Chairman, we have done some work on the cyaniding 


ous grades of steels, particularly high carbon steels, in which this 
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embrittling phenomenon was observed. When eyanided at a 
temperature to introduce a rather coarsening of the grain on the 
embrittling was very pronounced. When we did the cyaniding at t 
around 700 degrees Cent. ranging from 690 to 710 degrees Cent. 
hardness only was obtained, the ductility was surprisingly good. 
mented with drill rod of one and one-quarter per cent carbon ste 
able to bend the rod through 180 degrees. Equally well did we bri 
ductility in the lower carbon steels producing a duetility which 
lacking when cyaniding at higher temperaiures. 

C. A. LAMpPARD: We have made quite a lot of experiments 
lines in case hardening with cyanide of high phosphorus steels. 
conclusion is that it is a fact that this type of steel becomes 1 
what are we going to do about it? We have conducted this tes 
oughly and are now running a low phosphorus steel on our screy 
for some classes of work. It is quite a problem in itself, that is 
smooth piece of product. We have had to come to a low phosphor 
meet the requirements which we were after in cyanide casings, to give 
We have tried low temperature cyaniding, but we do not get th 
and we still run into some brittleness. So we have changed over 
phosphorus steel of about 0.15 per cent carbon and this has eliminaté 
deal of our trouble. 

V. E. HILLMAN: In the ease of low carbon steel with low sul; 
phosphorus, I do not think that you will obtain the same production 
automatics, in facet, | know you will not. We have overcome this Ii 
in a large measure by quenching in oil. Cyaniding at best is only sup 
it is only skin hardness. We find that by quenching in oil we obtain 
of hardness which is sufficient to withstand abrasion in the majority of 
and the slight increase in hardness which you obtain by virtue 
quenching does not appear to be worth the hazards which you ar 
encounter by fhe brittleness which is induced in the metal. 

W. J. MERTEN: May I ask the speaker what he is going to d 
the oil that he is going to spoil as a quenching medium when quenching 


heated parts in oil? 


V. E. HituMaAN: I will admit that certain kinds of oil become gun 


deteriorate by virtue of quenching material therein which has been cya 


but I understand there are reputable oil manufacturers who put an o 


1] 
market which is not affected by cyanide quenching. 

C. A. LAMPARD: May I say a word along those lines on oil-qui 
of cyanide parts? If course, you all know if we oil quench directly f: 
eyanide bath we have a very gummy mess, and it means a lot of work 1 
it up. What we are doing is to dump the work from the cyanide } 
cooling pans and after cooling, wash the cyanide off with hot wat 
reheat and quench. Of course, we do not get a case nearly as hard 
quenched right directly in water. 

We have a proposition on padlock shackles where we must sat 
trade as to hardness. These requirements are very severe as this 
product must be so hard that it cannot be cut or filed. The only way 


(Continued on Page 998) 
































\PHITIZATION AT CONSTANT TEMPERATURE 
BELOW THE CRITICAL POINT 


{| Contribution to the Subject of Graphitization 


H. 


By A. ScuHwWwarRtTz AND H. H. JOHNSON 








Abstrac f 





This paper is a brief sequel to an earlier paper, 
Graphitization at Constant Temperature’’, by one of 
authors. Evidence is furnished that the mechanism 
the reaction, in its earlier stages at least, is identical 
ve and below the critical point. It is further shown 
the apparent permanence of the metastable system 
atmospheric temperatures is not inconsistent with 
conception that graphitization proceeds at any tem- 
ature, no matter how low. 
The mechanism of the later stages of the reaction 
yuires further study, as the evidence now available, 
publication, is not sufficient to decide between two 
ernatives. 
INTRODUCTION 
\! the 1925 meeting, one of the present authors presented 
A paper! outlining the application of mathematical analysis 










data of graphitization, together with certain conclusions 
ling the probable mechanism of the reaction in the light of this 
od of attack. This publication concerned itself primarily with 
ction at temperatures above A,, and it is our present pur- 
report further results dealing primarily with the condi- 
ns at lower temperatures. 

In the interest of brevity, the reader is referred to the former 
for an exposition of the fundamental mathematics, which 

not be repeated here. 
(he following discussion is believed generally applicable 







ch certain special cases are known to us where there exists an 
al temperature coefficient accompanied by a discontinuity of 
A, 






LOCUS OF THE GRAPHITIZATION CURVE BELOw A, 


he positions of the first two points in Fig. 3 of the earlier 





tization at Constant Temperature,’? H. A. Schwartz. TRANSACTIONS of Ameri 
r Steel Treating, Vol. IX, June, page 883, 1926. 






’ 







per presented before the eighth annual convention of the Society, 
September 20 to 24, 1926. Of the authors, H. A. Schwartz is manager 
h, and H. H. Johnson is research chemist, National Malleable and 
tings Co., Cleveland. 

965 





966 TRANSACTIONS OF THE A. 8S. 8. T. 





paper suggest that the postulated form of equation— 







e at" 





may be in error in the direction of too low an expo 
A relation of the form— 









Cc at’ 









seems to be quite possible, which would indicate an 
reaction. 
In order to check up this possibility, as well as to 
better knowledge of the temperature coefficient of the 1 
a further study has been undertaken. 
We determined anew a few points on the graphit 
curves, at two different temperatures, of a hard iron sin 


‘ 


A’’ of the preceding study, which we may here designat 


and also availed ourselves of a series of determinations 
range of iron ‘‘B’’, made some years ago in this laboratory 
G. M. Guiler and (Mrs.) Anna Hird. 





In Fig. 1 we have plotted the observations to logai 
scales for time and per cent of graphite. It is very plaii 
if we assume the locus of the several series to be straight | 













as they must be if the graphite formed is proportional to a 
power of time, then they conform more closely to the first assun 
tion than any other. Only the data previously reported 
correspond better with a higher power. 

Our postulate as to the similarity of the locii of the gra 
itizing curves at temperatures above and below A, is thus sy 
ported at least so far as the early stages are concerned. 

From what was said in explanation of Fig. 5 of the earlie 
publication, the graphitization curve represents in its early stages 
the sum of the two curves of the same formula, but in w! 
the values of ‘‘a’’ differ. One represents the destruction of { 
eutectoid cementite, the other that of the primary cementit 







The former is observed to be the more rapid; hence, the relation 


c at*-° 








must end when spheres from which the pearlite has been re 

‘‘interfere’’ as explained in the earlier paper. 
The course of the second stage of the sigmoid eurve remails 

to be explained. 

The last logarithmic segment of the graphitizatio1 
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see Fig. 2 of the earlier paper, has an intercept on the 


necentration axis, determined by the difference in carbon 
in the two systems, which is negligibly small below A,. 


‘corresponding segment of the curve now under consid- 
will, therefore, have the equation 


KK QO 


disappears. 
May, therefore, interpret the second part of our locus. 


rmula is logarithmic, as equivalent to the second and 


Percent Graphite 
1.00 


Graphitization Curve Below Ai. H. A. Schwartz. 


rd segments of the curve, at high temperature, and hence as 
the empirie form of a complex transition condition. 


Alternatively, we may regard it as the equation of a uni- 


‘ular reaction in situ, or we may seek an equation of some 
her form, agreeing equally well with the data. 
equation of the form— 


K T. — T)? 


which T, is the time to attain equilibrium, would point to a 
reaction at the cementite ferrite interface, and might occur if 
this interface became so small that the solution of cementite would 
ecome less rapid than the migration of carbon. 

By suitable selection of the constants, an equation of this 
uld be given a locus experimentally indistinguishable from 
logarithmie. 
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THERMAL COEFFICIENT OF GRAPHITIZATION RATE Bry 


In the former paper it was stated that this therma] 
was small. The data then available as a basis for this | 
were the results of experimentation on specimens gray 
equilibrium at 1650 degrees Fahr. (900 degrees Cent. 
action rates were plotted during the subsequent 
the reaction at varying temperatures below A,. It 
that this reasoning may not be admissible. We 


CO] 


ho 


hav 
data for the determination of the reaction velocity of 


iron, (‘‘C’’). in the initial stages at 1292 and 1472 deo 
(700 and 800 degrees Cent.). 


[In 24 hours this metal formed 0.62 per cent graphite 
degrees Fahr. (740 degrees Cent.. and 0.18 per cent era; 
1292 degrees Fahr. (700 degrees Cent). From these fio 


may calculate the thermal coefficient, and find that an 
of 10 degrees Cent. multiplies the reaction velocity by 
result in surprising accord with the coefficient at higher 
atures. 


It has always been a question whether there is any li 
temperature below which graphitization is impossible.  I{ 
trapolate downward to 20 deevrees Cent., we find that th 
should at room temperature produce in twenty years, som 
under 0.0001 per cent graphite. Examination of a num 
samples of hard iron preserved at atmospheric temperatur 
eighteen to thirty years has so far failed to disclose any t 
carbon. It follows that there is no reason to believe that 
itization cannot occur at any temperature, the data given 
amply sufficient to support the conclusion that the velocit 
ordinary temperatures, would be so slight as to preclude th 
tection of the temper carbon formed in a single life tim 
We would be most anxious to examine any white east 
of suitable composition, known to be one or two hundred ye: 


CHANGE OF REACTION RATE AT A, 


In the previous paper it was brought out that the r 
rates at A, in alpha and gamma iron were very similar 
evidence was derived from data as to reaction velocities bel 
when graphitization was nearly complete. 


On the basis of the preceding section we may extra 
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rom our data at 1360 degrees Fahr. (740 degrees Cent. 
rmine the reaction velocity of material ‘‘A’’ at 1400 







ahr. (760 degrees Cent.) in alpha iron, and downward 





data at 1436 and 1652 degrees Fahr. (780 and 900 de- 







ent.), to determine the velocity in gamma iron at 1400 





Kahr. (760 degrees Cent.). 





coefficient a in the formula 








at? 






ng ¢ in per cent graphite and t in hours, so caleulated is 
in gamma iron and 0.0024 in alpha iron, confirming the 





ision that there is no marked change in reaction velocity, 








ence in mechanism, on passing through the transformation 






CONCLUSION 





is concluded that, 
At least in the initial stages, the relation of graphit 






ation and time are the same above and below the critica) 


















The thermal coefficient of the reaction velocity is of the 
order of magnitude just above and just below the critical 








The reaction velocity suffers no demonstrable discontin- 
the eritieal point. 







!. No reason exists for assuming that graphitization does 





progress at all temperatures, no matter how low. 





. The mechanism of the later stages of graphitization at 





ustant temperatures below A, requires further study. 
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FACTS AND PRINCIPLES ,CONCERNING STEEL AND 
HEAT TREATMENT—Part X’ 


By H. B. KNOWLTON 


Abstract 


This article gives a discussion of the properties and 
ses of alloy steels other than tool steels in general, and 
(ib more detailed discussion of the various types of nickel 


ST ee ls. 


ALLOY STRUCTURAL STEELS 


\ the previous discussion of low and medium earbon steels and 
| their heat treatment, only the plain carbon steels were con- 
sidered. During the past quarter of a century there has been a 
ipid growth in the use of alloy steels of low and medium ear- 
on contents for structural parts. (The term ‘‘structural’’ is here 
ised in the broad sense as applied to automotive, railway, and 
machinery parts, not as sometimes used to apply only to building 
ind bridge structures.) The development of the automobile has 
een perhaps the largest factor in the development of alloy 
structural steels. 


Definitions 


lt is difficult to give a definition which will inelude all alloy 
els and exclude all plain carbon steels. The steels which are the 


most simple in composition are commonly ealled ‘‘plain carbon 
steels’’. It is sometimes stated that the properties of these steels 
depend entirely upon the carbon and the iron forming the steel. 


The first installment of this series of articles appeared in the March, 1925, issue of 
NSACTIONS, the second installment appeared in the June, 1925, issue, the third installment 
i in the October, 1925, issue, the fourth installment appeared in the January, 1926, 
the fifth installment appeared in the April, 1926, issue, the sixth installment appeared 
May, 1926, issue, the seventh installment appeared in the June, 1926, issue, the eighth 

nt appeared in the August, 1926, issue and the ninth installment appeared in the 


1926, issue, 
‘he author, H. B. Knowlton, member of the Milwaukee Chapter of the 
y, is instructor in metallurgy, Milwaukee Vocational School, Milwaukee, 
nsin, 
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This is hardly correct as all commercial steels contain oth 
besides iron and carbon which have their influence upon ¢| 
ties of the finished steel. The most important elements « 
iron and carbon found in plain carbon steels are mang 
icon, sulphur and phosphorus. In the better grades of | 
hon structural steels, the content of these elements is usu 
hetween the following limits: 


Per Cent 


Manganese .... ~ 0.30—0.8\ 

Silicon ... ; - 0.10—0.35 
Sulphur. s;} than 0.05 
Phosphorus .... ess than 0,045 







Manganese is added to the steel as a cleaner. One of 
tions is to combine with oxygen and work up into the s! 
removing oxygen and oxides from the steel. The small 

of manganese that is left in the steel raises the tensile 

somewhat. Manganese also combines with tke sulphur | 
a less objectionable compound than the iron suphide which 

he formed in the absence of manganese. Nevertheless, as lone ; 
manganese content is not higher than the above figures, th 
is not considered an ‘‘alloy’’ steel. Similarly in the acid 
making process, silicon is added as a cleaner, and while its inf! 
is beneficial the steel produced is not classed as an alloy s 

long as the content of silicon remaining in the steel is small. 
phur and phosphorus are objectionable impurities causing }: 
ness. In no case should a steel high in sulphur or phosphor 
called an alloy steel even though the sulphur is intentionally 

as is sometimes done in the manufacture of screw stock. A 
which is a little higher in silicon or manganese than the 

limits is not necessarily an alloy steel, unless the alloying el 
are added intentionally to produce properties superior to 
obtainable in a plain carbon steel. For example a cheap low 


bon steel running a little high in both sulphur and mangar 


is not superior to a steel lower in these elements, consequent 


is not called an alloy steel. 


An alloy steel may be described as one whose useful phys 
properties have been considerably improved by the additio: 
some element other than iron and carbon, in a larger proport 


than found in the ordinary plain carbon steel. It is necessary 





the addition be intentional and that the properties be improv 
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rcial degree in order that the steel may be considered an 


el. This definition would inelude steels in which the silicon 





vanese content is considerably increased or ones to which 





is not found in plain earbon steel are added. 





ne W riters prefer to divide the alloy steels into two classes: 





alloy steels which contain in the finished steel one or more 





ts other than carbon, in sufficient proportion to materially 





e the properties of the steel; (b) alloy treated steels which 





els to which one or more elements have been added fot 






ve purposes, but which do not contain enough of the added 





ment in the finished steel to materially change its properties. 





he steels in the latter classification may be superior to plain carbon 





steels due to better deoxidation and cleaning produced by the 





dded element. 







GENERAL PROPERTIES AND USES oF ALLOY STEELS 






The properties of steel may be varied in so many ways by the 
dditions of alloys that it is difficult to give any generalizations 
vith regard to the effect of alloys. Also the effect of any one 






element may vary considerably depending upon the amount of 






the element contained in the steel. For example the addition of 







nanganese up to a certain amount may increase the strength of 





steel without proportionately decreasing the toughness. Above 





this there is a quantity of manganese which makes the steel very 
brittle. A still higher quantity of manganese may produce a tough 
alloy. The following may be listed as some of the effects produced 






y the addition of alloying elements: 





1. The eritieal points may be either raised or lowered 






». The tensile strength may be increased 





3. The toughness may be inereased 





t+. The steel may become more brittle 





». The speed of quenching necessary to produce maximum 





hardness may be decreased. 





6. The steel may be made more resistant to heat or corrosion 





7. The magnetic properties may be changed 





S. The coefficient of expansion with increase of temperature 






may be changed. 










Five GENERAL Types OF ALLOY STEELS 


The alloy steels may be divided into five general classes 
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depending upon the types of structure produced by sloy 
from above the upper critical point. Usually two or three 
types may be produced by the addition of varying amount 


same alloying elements. 


l. Low alloy Or pre arlitic alloy steels 


Nearly all of the steels which contain only a small amou 
alloying element fall in the pearlitic class. That is after low 
from above the upper critical point the structure is at least 
pearlitic, just as it is in the case of the plain carbon steels, 
the low alloy steels are generally superior to the plain earbo: 
they are similar to the simple or plain carbon steels in ev: 
spect. The critical points may occur at different temperatw 
the transformations occurring at the critical points are the 
The pearlitic alloy steels are subject to the same annealing h 
ing and tempering treatments as the simple steels of thi 
carbon contents, although the temperatures of heating and {| 
method of cooling may be different. In general the effect o 
alloying elements is to increase the strength, increase the t 
ness, inerease the hardening power, or to produce some com 
tion of these effects. 


) 


2. Martensitic alloy steels 


In the case of some of the alloy steels there is a range of 
position of the alloying element and the carbon which produces i: 
the slowly cooled condition a martensitic structure. This condit 
may be produced by raising the content of either the carbon or t! 
alloying element slightly above the limit for pearlitic steels. bh 
general, alloys of this type are likely to be hard and brittle 
though the degree of hardness and brittleness will vary with 
earbon content. Consequently, there are not many steels in this 
elass for which a practical use has been found. 









‘) 


3. High alloy austenitic steels 


An increase of the content of the alloying element above 
martensitic range will produce steels which are austenitic e\ 
after slow cooling. That is, they exist in the same condition 
cooling that all steels are in white heated above the upper eri 


point. All of the constituents of the steel are in a solid solutio 





Such steels are, in the main, fairly tough (some are very toug! 
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more resistant to heat and corrosion: if completely austen 






v are nonmagnetic. Some of the austenitie steels are quite 





to wear but in the main the austenitic steels are not as 





as the martensitic steels or the hardened pearlitic steels. A 





iustenitic steel cannot be hardened by any quenching method 






the possible exception of quenching in liquid air. On the 





hand some of the fairly high alloy steels which are not entirely 





nitic after low cooling may be made austenitie by quenching. 








High alloy Celie ntl Ll sted ls 






High percentages of chromium, vanadium, molybdenum and 


ngsten do not produce steels having an austenitic structure after 





slow cooling from above the critical poimt. The structure so pro 





ied is deseribed as cementitie. The distinguishing character- 





stic of this type of structure consists of numerous particles of 





entite imbedded in the matrix or background of the structure. 





(he cementite is composed of carbides of iron and of the alloying 





lements and sometimes of compounds of the alloying element with 










ron. Some of the high alloy tool steels fall in the cementitie class. 








] 


High alloy graphitr steels 






Steels containing more than about 5 per cent of silicon in 


sence of other alloys would contain at least some of the earbon 





the form of free graphite. Such steels are not used commer- 





ally as free graphite decreases both the strength and the tough- 





ness of the alloy. 







NICKEL STEELS 






The use of nickel as an alloying element in steel dates back 
ut 40 years, but as is the case with other alloying elements, 





there has been a rapid development in the study of nickel iron 





lovs and the use of nickel steels in the past ten or twenty years. 





The variation of the nickel content in useful nickel steels is greater 





in that of any other alloying element. Camp and Francis* state 
at the composition of useful nickel steels varies from 0.5 per 






ent to 46.0 per cent nickel. l[ron-nickel or as they are sometimes 





lled ‘‘ferro-nickel’’ alloys containing even higher nickel have 






en found to have some very useful magnetic properties. For 
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example ‘‘Permalloy’’ which contains about 78.2 per ce 
21.3 per cent iron, 0.04 per cent carbon has a high magn 
meability. 





GENERAL EFFECTS OF NICKEL 










Nickel forms a solid solution with iron but does not 
form a compound with carbon. The nickel in nickel st 
most of the other alloying elements in alloy steels, cannot 

as a separate constituent, when a polished and etched spec 
the steel is examined with a microscope. It is present as 
of the ferrite in the low nickel steels, and as a part of the n 
site and austenite in the steels of medium and high nickel | 
It does not form a part of the cementite as it does not combi 


earbon. It does tend to produce a finer grain size and a fin 






more desirable structure in the pearlitic areas of th 
and medium carbon low nickel steels. One of the most imp 





effects of nickel is that of lowering the critical points bot 
heating and cooling. With a nickel content of 30 per cent or 1 






the critical point on cooling (Ar point) is depressed below ordi 


room temperature. Consequently such steels are always above 1 







critical points and have an austenitic structure. The exact pos 
of the Ar points depends on the quantity of both carbon and ni 
and on the temperature to which the steel is heated and the s| 













nes. 
with which it is cooled as well. Even when the nickel content ar 
not high enough to lower the critical point below room tempe aa 
ture, the nickel retards the transformation of austenite into pea sailia 
ite as the steel cools below. the eritical point. Kor this reas rads 
the nickel steels which are subject to hardening and heat treating 
may be given a slower quench than that necessary to produce 
desired results with the corresponding plain carbon steels. Nic 
unlike some of the other alloying elements cannot be used as ; 
oxidizer or cleaner in manufacturing steel. steel 
1 lx 
THREE GENERAL TYPES OF NICKEL STEELS 4 
Like some of the other alloy steels, the nickel steels are frequent x 


ly divided into three general types depending upon the struct 
which is produced by slow cooling from above the critical point 
These are shown most clearly by QGuillet’s diagram (Fig. 1 






Each of the vertical lines represent a different per cent of car’ 
while the horizontal lines represent the nickel content. To find 
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type to which any particular steel belongs find the inter 
of the horizontal and vertical lines corresponding to the 
and carbon content of that steel, and note in which of the 
large areas the point of intersection of the two lines falls. 
sindaries between the three zones are marked by the slanted 


W 
i 


Austenitic 


Nn 
Cw 
oS 


Martensilfic 


Percent Nickel 


© 


0.4 0.8 LZ 
Percent Carbon 


Fig. 1—Nickel Steel. Constitutional Diagram 
All of the steels falling in the upper zone are austenitic, 
in the middle zone are martensitic, and those in the lower 
one are pearlitic. The boundaries are not really sharp lines but 
ather broad bands or transition zones. Steels which fall in the 
transition zones have mixed structures after slow cooling. 


PRARLITIG NICKEL STEELS 


rom the tonnage production standpoint, the pearlitic nicke} 


steels are by far the most important of the three general types of 
nickel steel. 


This class includes low carbon steels with nickel con- 
nts up to 8-10 per cent. As the carbon content is increased the 

ximum limit for nickel content is decreased. 
mit for nickel in a 0.80 per cent 
r cent. 


Thus the maximum 
earbon steel is about 5 
In commercial practice the nickel in the pearlitic steels 
held below 5 per cent as steels with higher nickel content are 
re diffieult to forge. The most common classes of pearlitic nickel 
els contain from 0.5-3.5 nickel. 
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EFFECT OF NICKEL IN PEARLITIC STEELS 





The following may be listed as some of the effects | 
in steels containing up to 5 per cent of the alloying element 

1. Nickel increases the strength of annealed or untreat 
this respect nickel is quite different from carbon for, while 
ing the carbon content, it raises the tensile strength, it also 
the ductility at the same time. The A. 8S. 8. T. Handbook 
the following data from Abbot concerning the effect of ni 
to 8 per cent upon the physical properties of annealed steel. 

0.01 per cent of nickel increases the elastic limit 40 | 
per square inch. 


without decreasing the ductility or toughness corresponding! 


0.01 per cent of nickel increases the tensile strength 42 | 
per square inch. 

0.01 per cent of nickel increases the reduction of area 
per cent. 

0.01 per cent of nickel decreases the elongation 0.01 per 

2. Nickel may be said to increase either the strength o1 

toughness of heat treated steels, depending upon the heat treatment 

given. 


Thus if a 3.5 per cent nickel steel is compared with a sin 
ilar plain carbon steel having the same figures for elongation 
reduction of area, it will be found that the nickel steel is 
Similarly if the heat treatments are such that the | 
steels have the same tensile strength, it will be found that 
nickel steel is the tougher. 


stronger. 






Table I copied from Cireular of t! 
Bureau of Standards No. 100 will bear out this point. 

It is also interesting to note in Table I that in the cases whe! 
the elongation is the same for both the carbon and the nickel steels 
that the reduction of area of the nickel steel is greater than that 0! 
the earbon steel. Some metallurgists believe that the reduction . 
area is a better criterion for judging the toughness and servicabilit 
of steel than the elongation. 

3. Nickel lowers the critical points and therefore the tempera 
tures of quenching for hardening or heat treating. This means, 
of course, that the dangers of scaling and warping are somewhat 
diminished. Lower temperatures also mean lower fuel consumpti0 
and less damage to the furnaces. 

4, The presence of nickel lowers the speed of quenching neces 
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produce a given amount of hardening or strengthening. 

\s may be seen from Table I a 0.40 per cent carbon 3.5 per cent 
steel may be quenched in oil and still produce higher tensile 

th, yield point and reduction of area than could be pro- 


at t hy water quenching a similar carbon steel. This property 
ng 
eas Table I 
SO Comparison of Tensile Properties of 0.40 per cent Carbon Steel 
vi with and without 3.5 per cent Nickel. 
1 
Klonga- Redue- 
Cl, Yield Tensile tionin tion of 
) Material Point Strength 2ineches’ Area, 
: Lbs/in? Lbs/in* Per Cent Per Cent 
quenched 1450°F. in water 
2 pow nd tempered 1300°F. ...... 53,000 90.000 25 62.5 
5 Ni; quenched 1490°F. in water 
and tempered 1260°F. ...... 83,000 108,000 25 66 
eg Ni; quenched 1450°F. in water 
and tempered 940°F. ....... 86,000 23,000 20 51 
Ni; quenched 1400°F. in oil 
pel is and tempered 935°F. ...... 107,000 124,000 20 57 
Ni; quenched 1450°F. in water 
h or tl and tempered 750°F. ...... 117,000 154,000 15 40) 
reatment 5 Ni; quenched 1400°F. in oil 
ci and tempered 725°F. ...... 158,000 168,000 15 48 
la ! 
atic I 


f nickel steel is desirable, for the slower the quenching speed the 


ess are the dangers of warping, and distortion due to quenching. 
the 1 \t the same time it should be said that the 3.5 per cent nickel! 
that steels are not made as brittle by water quenching as are some of 
01 the other alloy steels. 
es wl) SOME CoMMON NICKEL STEELS AND THEIR USES 
cel steels 0.5-1.5 per cent Nickel Steels 
1 that a . : : 
[here are several steels in this class which are used for case 
lection ° . . ~ 
e hardening. The average carbon content may be either 0.15 or 0.20 
avd ‘ ; “ 
er cent. They are sometimes designated as 2115 or 2120 depend- 
ing upon the earbon content. (This follows the general plan of 
fempera ls ch lad “3 
| the S. A. E. specification numbers. All numbers beginning with 2 
5 Means 


re nickel steels. The second figure of the number tells the per 
ent of nickel while the last two figures give the average carbon 
ntent. Thus 2115 should be a 1 per cent nickel steel with an 


ymewhat 


ump! 


verage carbon content of 0.15 while 2315 is a 3.5 per cent nickel 
containing 0.15 per cent carbon.) 
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These low nickel steels are cheaper than the 3.5 per cen 


steels. It is claimed that they are superior to plain carb 
for case hardening, as the core produced is tougher and 
is harder after an oil quench. 


3.5 per cent Nickel Steel 
By far the most popular of all of the forging and st) 
nickel steels are these containing about 3.5 per cent. 
specifications permit a variation in the nickel content fro. 


Chromium-Nickel Crankshaft, Master Rod and Articulated Rods of Wrigit M 
J. A. B. Whirling Engines Similar to those Used by Lieut. Commander Richard E. Byri 
Flight over the North Pole. Composition : S. A. E. 3140. 


3.75 per cent. These steels are made with carbon contents var) 
ing from 0.10-0.55 per cent depending upon the purpose for whic! 
the steel is to be used. 

The 3.5 per cent nickel steels are used both in the heat treated 
and the untreated conditions. In the untreated condition they 
used for many parts which cannot be safely heat treated 
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of their size or shape. The following may be given as some 
TY : ises of untreated nickel steels. 
steel containing about 0.25 per cent carbon. 
construction: steel containing about 0.30-0.40 per cent 


On. 


forgings such as locomotive, engine and ordnance parts 
usually of medium carbon content. 








Nickel Steel ¢ mnecting Rods Used on Tyne 5300 Mikado Locomotive n ice TO! 
in Pacific Railroad. Composition: 2 per cent Nickel, 0.38-0.42 per cent Carbon 


its, studs, ete. requiring strength but which are not heat treated 
on account of the danger of sealing: cold drawn nickel steel 
with about 0.30 per cent carbon. 


The effect of heat treatment upon the: 3.5 per cent nickel 





els 1s best shown by the following table taken from Cireular 


* whicl (00 of the Bureau of Standards. (Table 43) 

‘or more specific data concerning the physical properties pro- 
treated | by the different quenching and tempering treatments, the 
eV | ! er is referred to charts in the S. A. E. Handbook. 


ted The following are some of the uses of the steels in the 2.5 per 



















TABLE 43.—Range 


TRANSACTIONS OF 





THE A. 8S. 8S. T. 


of Tensile Properties of Annealed and Heat-T; 


Per Cent. Nickel Steel. (S. A. E. Handbook, Vol. 1, See. D 

S. A. E. Annealed Heat-treat« 
Steel Number Elonga- Redue Klonga 
Yield Point tion in tion of Yield Point tion in 

2 inches Area 2 inches 

Lbs./in.? Per Cent Per Cent Lbs./in.? Per Cent 
2315 35,000-45,000 35-25 65-45 40,000- 80,000 35-15 
2520 ... 40,000-50,000 30-20 65-40 50,000-125,000 25-10 
2330 40 ,000-50,000 30-20 60-40 60,000-130,000 25-10 
2335 .. 45,000-55,000 25-15 55-35 65,000-160,000 25-10 
2340 =... =55,000-65,000 25-15 50-30 Zoe 5 


70,000-200,000 


cent nickel series. They are classified according to the S. 


designations. 


2315—0.10-0.20 per cent carbon. This steel is design 


2320—0.15-0.25 per cent carbon. This steel is not 


for case hardening. After such a treatment it 
a tough core and a strong hard ease. 
satisfactory as 2315 for most case hardened part: 
because the core is not as tough, due to the highe 
‘arbon content. It is recommended principally fo: 
large parts which are not cooled rapidly by quench 
ing. As the carbon content of the core is raised tli 
critical point of the core is lowered nearer to that 
of the case, consequently the heat treatment becomes 
more difficult. 


2330—0.25-0.35 per cent carbon. This steel is recom 


mended for heat treated automotive parts. It ma) 
be quenched either in oil or water. 


2340—0.35-0.40 per cent carbon. 


2345—0.40-0.50 per cent carbon. For heat treated parts. 


Should be oil quenched. Probably not as mucl 
used as 2330. It is somewhat harder and less toug! 
after similar treatments. It may be used for gears 


and other parts requiring some hardness. 


2350—0.45-0.55 per cent carbon. For large gears whic! 







Before leaving the subject of the low nickel steels it sh 


require a higher carbon content in order to produc 
the desired hardness. 


Nickel Steel Castings 










































STEEL AND HEAT TREATMENI 





entioned that nickel has been used quite successfully in im- 
ne the properties of steel castings both in the annealed and 
eat treated conditions. MeKnight’® gives the following com- 
on between the properties of 3 per cent nickel steel castings 
carbon steel castings, both with a carbon content of about 
.0.40 per cent and in the annealed condition. 


Redue 
Tensile Klonga- tion of 
EKlastie Limit Strength tion Area 
Lbs/in* Lbs/in* Per Cent Per Cent 
Carbon Steel .. 30,000 to 40,000 65,000 to 70,000 15-20 25-30 
eent Nickel ... 55,000 to 65,000 85.000 to 90,000 93.98 O29 .29 


\Nickel-chromium and nickel-manganese steel castings also were re- 


esign norted as very good. 


Heat Treatment of 3.50 per cent nickel steels 
In the heat treatment of the 3.5 per cent nickel steel the same 
1 part principles apply as in the ease of the plain carbon steels of sim- 


lly LO} 
puench 
sed thi 
to that 


ecomes 





recom 
lt ma\ 
parts 
muel 
toug! 
gears 
whic! 
rod 1c Fig. 4—Chromium-Nickel Cast Steel Tracter Shoe. 

r carbon contents except that the quenching temperatures are 

the main lower and sometimes oil quenching should be used in 

the place of water quenching. Also the tempering temperatures 

should necessary to produce certain properties will, of course, be different. 


International Nicke] Co., Circular No. 4 
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If the initial structure of the nickel steels is coarse-grai) 
to high forging temperatures a normalizing treatment 
necessary. This consists in heating to 1600-1750 deere 
followed by cooling freely in air. 






A complete deseription of all of the commercial heat 
ments of 3.59 per cent nickel steels cannot be attempted 
article. For detailed data with regard to heat treatments 






properties produced, reference is made to the data in Han 
of the A. S. S. T. and the S. A. E. and the and the data 
of the International Nickel Co. 







5 pe r cent nickel steel 





The 5 per cent nickel steels are not as much used as 
previously mentioned. The S. A. E. 





gives a specification fi 





per cent nickel steel with a carbon content of 0.17 per cent 
imum. This is recommended for case hardened parts 


requ 
exceptionally strong tough cores. 








Medium Nickel Steels 

Nickel steels containing between 8 and 20 per cent « 
alloying element are not much used for the reasons before 
tioned. They normally fall in the martensitic zone but ¢ 
made softer by quenching as this treatment tends to produce au 
ite which is not as hard a martensite. Camp and Francis men 
a steel containing 13 per cent nickel and 0.55 per cent carbon 
is too hard to be machined and which has a yield point of 134, 
pounds per square inch, a tensile strength of 195,000 pounds 
square inch, and an elongation of 12 per cent in two inches. S$ 
of the steels near the higher limits of the martensitic zone of G 
let’s diagram are reported as rust resisting. 










AUSTENITIC OR HicguH NICKEL STEELS 





The steels containing from 25-35 per cent nickel and 0.30 





per cent carbon fall in the austenitic zone. Consequently the) 
not be heat treated, as heat treating is usually considered. II 
ing and quenching may slightly affect the physical properties 
the structure remains austenitic. 







While these steels are not used to as great an extent 


. 






lower nickel steels they have some interesting and useful prope 
They are more resistant to rust and corrosion than plain carbo) 
low alloy steels. 





Steels containing from 20-30 per cent nickel 
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etic after slow cooling from the rolling temperature. 


steels containing from 25-38 per cent nickel are normally 





ong and tough. They may be rolled or forged and they are 





nachinable. The following table copied from Cireular 100 of 






S. Bureau of Standards gives their physical properties. 






High Nickel Stee ls. 





I rope rties oT 










o> to 28 30 to 35 d0 t0 38 
nsile Properties Per Cent Per Cent Per Cent 
Nickel Nickel Nickel 
rth .. lbs. /in. $5.000-92 C000  85,000-95.000 L00,000-115,000 
do.... 385.,000-50,000  40,000-50.000 64,000- 78,000 
a e inche S pel eent,. 30-35 o0-40 95 >i) 
oS er Se 20-60 10-60 OU 






ne of the most interesting of the properties of the high nickel 


is the low coefficient of expansion with increase of tempera- 





[nvar, an alloy containing 36 per cent of nickel has a linear 





sion of one millionth of an inch per degree centigrade at 





ary temperatures. It is used for balance wheels of watches, 





ilums of clocks, and for other parts where the elimination of 





usion with temperature is of maximum importance. 46 per 





nickel steel is called platinite because it has the same coefficient 





xpansion as glass and plantinum. Its replaced platinum for 





lead in wires of electric hight bulbs. More recently a 3S per 





nickel cored wire ineased in copper has been used for the 





me purpose. The two together produce the same coefficient of 


ansion as glass and. consequently, the wire does not crack the 
| : 







ss seal when it gets hot. 





24-32 yer cent nickel steels are used for electrical resistors. 
| 





veneral the high nickel steels are used on account of their 





sistance to corrosion, their low expansivity, or their magnetic, 





nmaegnetic or electrical properties. The use ot the very high 





kel-iron alloy on account of its magnetic permeability has al- 





idy been mentioned. The French have used a 30 per cent nickel 





l 


for some parts requiring strength and toughness, but use 





r that purpose alone is not common in this country. 











(¢ 





S 






\. Ss. 5. =. Handbook 

». A. E. Handbook 

Camp & Francis:—Making Shaping and Treating of Steel 
Bullens:-——Steel and Its Heat Treatment 






Bureau of Standards, Cireular 100 
Data sheets and technical articles: International Nickel Co. 






The use of nickel in connection with other alloying elements w be discussed 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 





BASIC 





OPEN-HEARTH FORGING STEEL. By R. L. Ca 


Forging-Stamping-Heat Treating, November 1926, page 432. 








The author in this article states the controlling factors to be obs 





such as character of charge, working of heat, tapping and ladle addit 
teeming and metallurgy. He also calls attention to the general preea 
which shoud be taken in the manufacture of basic open-hearth steel. 
author expresses the hope that more attention will be paid to the effect \ 
the charge has on the quality of the steel produced, (especially pig iror 























ON THE DURABILITY OF THE ALKALINE SOLUTION 
POTASSIUM FERRICYANIDE AS AN ETCHING REAGENT 
MICROSCOPY. By Takejiro Murakami and Kin’ichi Someya. Kinzo/ 
Kenkyu, Vol. 3, No. 5, 1926, pages 263-276, 


























The alkaline solution of potassium ferricyanide prepared by dissolvii 
suitable quantity of potassium ferricyanide and 














potassium hydrox 
etching reagent in the mi 
examination of chromium, tungsten, high speed 





in water is very conveniently used as an 











and molybdenum §ste 











and also the phosphides in steels and cast iron. The special advant 
offered by this reagent, in which it differs from the sodium picrate soluti 


is that its etching action is sufficiently rapid at ordinary temperatures. TT) 























the writers undertake a more detailed study of the various features of 
change in connection with its etching strength. The 


are as follows:— 








econélusions arrived 








(a). When the concentration of both solutes is above 5 per cent, a go 


~~ 








etching is easily obtained in less than 20 minutes at room temperature. 
The decomposition is faster with 





a greater concentration of alkali, (c) 








especially so when it is kept in a brown bottle. (d). The decomposition 
alkali takes place rapidly at first and becomes asymptotic with the lapse 


time, while that of ferricyanide is, on the whole, linear. 














tained that in the decomposition the ferricyanide 








aquo-prussi salt, which is next reduced to the 








then this second salt changes into the ferrocyanide. (e). Tl 











change in the etching efficacy as regards time, differs from that of 





alkali or the ferricyanide in that for all concentration it is greater after t! 





lapse of a certain time, than just after its preparation, and the strengt 
begins to decrease gradually. 





The phenomenon is attributed to the probal 


reagent is not very stable if left for a long time, decomposition and the co: 


sequent deposition of ferric hydroxide gradually taking place, and this mad 


decomposes rapidly in direct sunlight, but very slowly in a diffused daylight 


It was also asce! 
changes first into tli 


aquo-prusso salt, an 
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I] 





















































in the course of the decomposition of an intermediate compound 
g a greater etching action than ferricyanide. (f). When kept at a 
a room not exposed to direct sunlight, the etching action continues 
ise for the first 4 to 6 months, after which it decreases gradually. 
en after one year, the etching strength of the reagent is not very 
nt from that at the beginning of the test. 
——— Abstracted by Dr. Kotaro Honda, Japan. 
OVING HEARTH FOR THE IMPROVEMENT OF LIQUID CAST 
AND STEEL. By C. Irresberger, Salzburg. Stahl und Lisen, June 
7 926, pages 869-872. 
'd By agitating a cast iron bath a degasification and a deoxidation is attained. 
‘ a mixing up of all the components is attained and at the same time 
’ craphite is dissolved and the sulphur is rendered harmless. The author 
t ribes the cupola furnace plant of the ‘‘ Deutsche Industrie-Werke A.-G. in 
™ s lau’? with moving forehearth, working according to this method. The 
sical properties of the cast iron treated in this manner are: tensile 
" strength 45,000 to 57,000 pounds per square inch, bending strength 71,000 to 
r 85,000 pounds per square inch, deflection 0.6 inch and Brinell hardness 180 to 
e In proportion to the tensile strength the hardness is surprisingly low. 
The eost of this method of manufacture is low. 
, Abstracted by Dr. Hans Pollack, Germany. 
ro DETERMINATION OF OXYGEN IN STEEL. By P. Oberhoffer, 
09 \achen. Stahl und Eisen, August 5, 1926, pages 1045-1049. 
- The author reports his latest improvements and modifications of working 
= thods, as well as his experiences with the different methods. The last report 
| = s published in Stahl und Fisen, 1925, page 1555. 
his Hydrogen method: The apparatus was perfected; the influence of the 
= st form was examined on a great number of tests. The method has proven 
= luable, within its hitherto limited range of application. 
For high carbon iron alloys the method is useless, as there is an incom 
. ete reduction of the oxygen when combined with iron and manganese in the 
bsence of silicic acid. Silicie acid and the other difficultly reducible oxides are 
5 determined by this method. The reduction of manganous oxide was 
roved again. Recently experiments were made in an effort to reduce the 
lifficultly reducible oxides by increasing the temperature. 
8 Hot extraction method: The apparatus was also perfected. The hot 
> traction method is capable of obtaining comparable results as to the 
" coxidizing conditions on complex-steels. It may generally be said that an 
Pr xygen containing steel has a narrow hardening range, a tendency toward 
irdening cracks and a poor malleability. 
: Abstracted by Dr. Hans Pollack, Germany. 
PROOF OF THE HEAT CHANGE OF THE ITRON-CARBON 
. UTECTIC, By R. Ruer, Aachen. Stahl und Eisen, July 8, 1926, pages 918 
' In 1921 the author published a paper ‘‘On the knowledge ef the iron 





rbon alloys’’, Zeitschrift f. anorganische Chemie 117 (1921), p. 249, in 
hich he produced the thermal proof of the iron-carbon eutectic. Anson 
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Hayes, H. E, Mlanders and E. E. Moore contest the author ’s exp 


his experiments in their paper TRANSACTIONS, A. S. 8S. T., Vol. 5. 
183, 
The author’s investigations were made with a regulus consistir 


electrolyte-iron and pure sugar-coal. With this button the author 


ing and cooling curves as shown in the figure. After finishing t] 


ICG @€2z 


the test-piece was examined and recognized as fTay pig iron, contai 


per cent carbon. Imm ‘diately after solidifying the 


austenite and graphite. On further 


regulus 


cooling the transformations 


“400° 600 800 WO) 200 400 \K00 1900 
Time in Seconds 


appearing at 734 
Cent. (1353 degrees Kahr. ) on the curve la Corresponds to the t 
of the pearlite into austenite. In the following cooling, taking pla 


slow in comparison to the first, a great deal of the dissolved 


ns 


after the metastable system. The critica] point, 


ranstorn 


carbon 


separated as cementite but as graphite, 


accordingly the intensity of 
critical point, Corresponding to the pearlite transformation. on the f 
heatir 


ig curve 2a decreases. Instead of it another critica] point 
at 746 degrees Cent. (1375 degrees ahr.) rresponding to the 
formation of the graphite-ferrite eutectic of the stable 


Curves 3a and 4a represent the same rocedure. 
t 


System. 
This explanation is bas 
the circumstances that both of these critical points js produced only, 
the button had the gray iron solidification. White reguli showed 
point only at 7 


a Cl 
(34 degrees Cent. (1353 degrees Fahr.). The essential 1 
of the author’s investigations is the fact that in pure iron-earbon alloys 
stable lies 19 degrees Cent, (2] degrees Fahr.) higher than Ac, metast 
These tempx ratures, 746 and 734 degres Cent, (1375 and 135 [ 


3 degrees | 
do not correspond to equilibrium temperatures but represent, as detern 
on heating curves. only the upper limits of these, To determin 
equilibrium temperatures the author believed that the temperatures detern 
on the heating curves both lie about the same amount above the 


equilibr 
temperatures. This belief appear 


8 most plausible as it js the same in 
cases, the mutual dissolution of two sorts of crystals. It is admitted that 
equilibrium-temperatures must differ about the same 


metastab’e has been determined at 


amount and as 
(2) degrees Cent. (1330 degrees Fal 
ure iron-carbon alloys, that of Ae stable must lie at 733 degrees Cent. 

} ° 1 7 


degrees Fahr.), 





Le 









rature, was determined by the author and I". Goerens at 721 +3 degrees 
} 
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objections, raised against the author's interpretation by Hayes, 
and Moore are that the heatings and coolings were performed too 
nd further that the regulus was only heated up to 777 degrees Cent. 
erees Fahr.), while the formation of austenite from ferrite and 
does not take place below 780 degrees Cent, (1436 degrees Fahr.). 
far as the first opposition is concerned, the authors believe that the 
rmation temperature of the pearlite may be influenced by too rapid 
or cooling, as in this case incomplete equalization of concentration 
e in the regulus. But that does not hold good for heating-curves, used 
author for his study. For the second objection, the authors rest upon 
ter and Keeling, and Giolitti and Tavanti. In Carpenter and Keeling’s 
of the iron-carbon-alloys there are from 0.6 up to 4.5 per cent a large 
r of points in the range from 775 to 800 degrees Cent. (1427-1472 degrees 
which Hayes, Flanders and Moore regard as the segregation temperature 
stable eutectic (Ar, stable); but that is impossible as they put the 
stable point at 771 degrees Cent. (1420 degrees Fahr.) and as the heat 
ts in these cooling curves are very small, the existence of these points may 
bted; further it is said that Giolitti and Tavanti have proved that there 
formation of a solid solution from ferrite and carbon below 780 degrees 
1436 degrees Fahr.); but the author could not find this proof in the 


ntioned paper. 


Hayes, Flanders and Moore used the author’s method in their investigation 
ding the sources of these faults; but the iron used for this investigation 
2.05 per cent of impurities. The heating curves of Hayes, Flanders and 


correspond with those taken up by the author. 
The difference between Ac, metastable and Ae, stable amounts to 15 


grees Cent. (27 degrees Fahr.) after Haynes, while the author stated such 


ne amounting to 12 degrees Cent. (21 degrees Fahr.) on a pure alloy. These 
ts agree very well with each other. The equilibrium-temperatures, stated 


e paper of Hayes, Flanders and Moore are too high. On pure iron-earbon 


oys Bardenheuer stated the pearlite transformation at 740 degrees Cent. 


1364 degrees Fahr.) and the equilibrium temperature lying below this tem 


nt. (18330 + 5 degrees Fahr.) and that of the iron-graphite system at 


grees Cent. (13851 +5 degrees Fahr.). 


The difference in the absolute values of the equilibrium temperatures in 
two papers must be attributed to the impure material used by Hayes, 
lers and Moore to their investigation. 

Abstracted by Dr. Hans Pollack, Germany. 


[IMPROVEMENT OF THE HIGH QUALITY STEEL PRODUCTION 


Y APPLICATION OF FOUR-EDGED INGOTS TURNED ON THE 


\THE. By P. Eyermann, Wien. Stahl und Eisen, August 12, 1926, pages 
83-1084. 

In the manufacture of high quality steel, the ingots are examined thor 

before further working, to remove surface defects and to make visible 

ks, ete., in order that such ingots may be excluded from further manu- 


ture. Machining of round ingots was generally done on the lathe; machin 
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ing of four-edged ingots in 
logical that the four-e 


this manner was impossible 


and by this 
lged ingots were displaced by the 
they surpass the last in quality and in the possibility of piling up, 
To pursue the advantages of the 
a lathe, making it possible. 
duction from this machine 
and by the 
was the 


round ingots. 


four-edged ingot, the author | 
This is briefly described. 


las 
The econon 
has been proven by comparing working ex; 
experiences made in a working period of 144 years, 1} 
complete removal of the roun 
turning of four-edged ingots. Abstracted by Dr. Hans Pollack, G; 
THE ABILITY OF HIGH SPEED STEEL CUT 
TESTING. By Dr. Ing. F. Rapatz, 
Committee of the \ 


| ingots after the introductio, 


TERS AND 
Duesseldorf. Report of the M 
‘erein deutscher Kisenhiittenleute; Stahl und Eisen, 
19, 1926, pages 1109-1117. 

This paper deals with the circumstances, influencing 
of high speed steel. Questions, which do not belong to the metal 
range, such as the form and the dimensions of the tool, the ratio of t] 
to the depth of cut and the 


power consumption, are eliminated: 


the cutting g 


~ 


effect of the hardening and of the hardening temperature, of the ten 
of high speed steel, of th 


e cutting speed and of the properties of the 
being cut are closely discussed. This paper deals only with the con 
applicable to lathe-tools. In practice there is often too little attention 
these four conditions (hardeniz 
the material being cut). 


ig, tempering, cutting speed and propert 


The tests were not carried 


out after the method of Taylor, but aft. 
breakdown one, 
Hardening Temperature and Method of Hardening. To obtain goo 
sults, high hardening temperatures have to 


use of such temperatures lies in the fact that steels hardened at high ten 
ture are more resistant agi 


inst tempering and that in general the effect 
steel will be thé greater, the greater its resistance to 
Cutting tests carried out in different 
of the cutting effect from the h: 
The microstructure of 


tempering. 

works show the great depen 
irdening temperature, 
a hardened high speed steel ¢ 
matrix in which a greater or less quantity of carbides are embedded. 


best hardened high speed steel shall 
great and distinet polyeders: small 


absence indicate an insufficient 
influence of the hardening 


speed steel containing 14 ¢ 


general the microstructure of 


or indistinct polyeders or their 


hardening temperature, Micrographs sho\ 


temperature on the formation of polyeders in 
r 18 per cent tungsten. Overheating takes 
when the eutectie component begins to melt. The steel is best hardened 
heated to a temperature just below th 


eutectic. This point depends upon the chemical 


composition and yaries 
1270 to 1320 degrees Cent. (23 


18 to 2408 degrees Fahr.). By 
cobalt, the best hardening temperature 
(2408 degrees Fahr.). 


additio1 
is increased up to 1320 degrees | 


Of great importance is the influence of time, 
at the hardening temperature. 


Due to the low melting point of the aust 


be employed; the reason fot 


onsists of a polyhed: 


consist 


Colm] 


> melting point of the austenite-eoment 


during which the steel is | 


i 











ont 
= 


tay 


fer T 


‘pel 


Olvh 


led. 


-onsist 


ned 


Cone 


| fluence of the Tensile Stre ngth of the Steel, Being Cut. The eutting 


terial being cut. The unknown properties of a new material, influencing 
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. bP RAH AL 


tectie, it is very dangerous to keep the steel for too long a time at 














salt bath, . 





ng temperature. The hardening may be carried out in the 





4 muffle furnace or in the tempering forge. 
g of High Speed Steel. By tempering hardened high speed steel, 














of austenite, being formed at the high temperature is transformed 


h 


nite and by this the hardness of the tool increases. Not only the 











also the toughness. Hohage stated (Stahl and Eisen, 
lly destroyed 


‘< inereased but 
1126-30) that on soft materials the lathe tool is especia 











re 





iting, While on hard materials the mechanical wear and tear comes 











Tests have shown a eonsiderable improvement of the cutting 


(1076 degrees Fahr.). Tempering at 


the front. 














tempering at 550 degrees Cent. 
mperatures has an unfavorable influence. The tempering temperature 

















carefully measured. On steels, hardened from too low a temperature, 


ering must be avoided as the hardness of such steels decreases. 














rence of the Cutting Speed. At the same Cross section of turnings and 








material being cut the endurance of the breakdown tests depends 


upon the eutting speed. The influence of the latter is a very 


At an increase of the cutting speed for 2 to 3 meters, the endurance 
Worthy of observation 





remark 

















< to half the amount under the same eonditions. 
the speed endurance curve for a test time of 20 minutes. 
decreases quickly, while very 
The time 








sudden drop of 








the cutting speed increased, the endurance 
tting periods are obtained when the cutting speed decreases. 
tting at the breakdown test shall also amount to about 20 minutes. Break 


tests with cutting times of a few minutes or even a few seconds are 





























able. 











much with increasing tensile strength; besides the latter, 








decreases very 
physical properties also play an important part, e. g. the elongation, the 
the microstructure, the ability of cold harden 

















tion of area, the yield point, 
nd last but not least, the purity of the steel. 
On austenitic manganese steel, containing 12 per 














eent manganese, it 1s 
Of 








that the tensile strength alone is no criterion of the machinability. 
steel being eut; hard earbides 








influence is the microstructure of the 

















arate the destruction of the cutting edge. 
it is very difficult to 





rest results are to be judged with greatest caution as 
|| conditions influencing the eutting time under eontrol. 

The author has shown to what a high degree the results of the | 

tre influenced by the heat treatment, the cutting speed and the properties 
steel being cut and the difficulties, offering opposition to the attempt to 


re that high speed steels have precise numerical values. The difficulties 








reakdow n 





























‘n the fluctuation of the heat treatment could even be surmounted by test 
but it is impossible to guarantee the uniformity of the 














series of eutters, 








] 











result of the cutting test, are taken into consideration in that manner, so 
there is made in the first place a cutting test with a normal cutter of 


1 quality. In judging the results of tests of new steels, the results ob 


Only in this way is it pos 























with the normal cutter, are taken as basis. 
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sible to determine the ability of high speed steels and to overe: 


culties offering opposition to their exact estimation. 







The destruction of the cutting edge is caused by two con 


mechanical wear and tear and the destruction of the martensite ha 


should be known what portion falls to each of these components a: 








manner these portions vary in different materia!s and in the diffe: 
of machining. ‘Then we would be better able to judge high speed st 
Abstracted by Dr. Hans Pollack, G 
DETERMINING THE WEIGHT OF ALLOY ADDITIONS, |} 
Kerns. In Forging-Stamping-Heat Treating, November, 1926, pag 
The writer has prepared a chart whereby it is possible to te! 
quired weight of ferro-alloy, to be added to any weight of charge 
author explains the chart and sets forth the method of calculating t}) 
conditions above 1.00 per cent. 
















This is done by various formula 






INFLUENCE OF THE SHAPE OF CEMENTITE ON THE HAI! 
ING OF STEEL, By A. Pomp and R. Wijkander. Transactions 


Kaiser-Wilhelm-Institute fir Eisenforschung, Dusseldorf. Vol, 8, Su 





») 
The shape of cementite in the ‘‘as-received’’ state is of great im): 








on the result of the hardening process, especially if articles produced 
numbers, such as pins, razor blades, pens, steel. balls, ete., are to be hai 
or if continuous hardening procedures are employed, e. g. at the harder 
steel wire or band steel. 

To investigate the influence of the shape of the cementite (lami: 
pearlite or spheroidized cementite) on the hardening of steel, the authors n 







calculations upon the size of the surface of the cementite. In agreement 
Belaicw they supposed all cementite-lamellas in laminated pearlite to be 
same thickness and as circular disks; they further supposed that 


cementite-globules possess the same size. 
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If a lamella of the diameter D and the thickness h is divided into m 
of the diameter d’and if the sum of the surfaces of all the balls is equi 
to the surface of the lamella, then is the number of the balls: 


4k 


wherein 


The curve in the figure comprehends the values from m and k, coordinat 
to each other for which the surface of the lamella is equal to the sum of t 
surfaces of the balls formed from it. Below the curve the lamella has 
greater surface and above of it a smaller one than the sum of the balls. T 
question whether the laminated or the spheroidized cementite possesses 









greater or smaller surface in a steel of a certain percentage of carbon 
not be answered without any more ado, 





>} millimeters, which 
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136 degrees Kahr. ) for Ls 
1d quenched in ice water. 


The 
SO! bite 


il 


coarsest 


ileulated 











TRANSACTIONS OF THE 


The reason that the speed of dissolution of the cementite, 


the hardness numbers of the test pieces after quenching, does 








solely from the calcu’ated cementite surfaces lies in the different 


dissolution of the respectively laminated spheroidized cementite. 


TABLE 











hickness of the calculated s 
lamellas resp surface of dis 
diameter of the cementite res 
globules in the 


mm rith mim test 













y sorbite very small very great 
i tine lamellas 0.000075 (appraised) 3440 
| coarser lamellas 0.00010 (appraised) 2580 
‘ coarsest lamellas 0.00015 1720 
d fine grains 0.00061 1270 
‘ coarser grains 0.00094 S30 
f coarsest grains 0.00129 600 








the dissolution of the cementite with increasing duration of heating 
microscope, it may be seen that the procedure in samples containing 


pearlite is entirely different from that in those containing globules of « 






The disso-ution of the spheroidized cementite takes place in sue} 
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M + p< 
in nutes 
















Brinell Hardness of a Steel with 0.8¢ 
Carbon in Relation to Heating Time Bef« () 


that the globules of cementite are dissolved in the surrounding ferrite 
quenching the structure around the cementite globules consists of ha 
resp. troostite. In opposition to this procedure, the dissolution of 
laminated cementite proceeds from the boundaries of the pearlite grains 
advances from there into the interior of the grains until the dissoluti 
finished. The structure of such a steel consists after quenching of hat 
and pearlite. The different mechanism of the dissolution is the reason 
phenomenon, that laminated cementite takes up more heating time to b 
solved than it may be expected from the size of its surface. 

As the samples of the range a correspond to an ordinary normal ann 


steel and those of the range e to a generally used steel with cementite gl: 
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concluded that the norma! annealed eutectic steel may be hardened 
y than the same steel in the soft annealed state. 
des, the form of the cementite plays an important part, i. e., the 
s of the lamellas and the diameter of the globules. The diameter and 
ber of the cementite globules in the samples d, e and f after the 


‘ caleulation may be seen in the following table: 


diameter number 
of the cementite-gobules in 1 ecubie-millimeter. 
0.00061 mm 1,065,000,000 
0,00094 mm 300,000,000 


0.00129 mm 113,000,000 


ese investigations evidently prove that at the same chemical composition 

same hardening procedure, the same mechanical properties are obtained 

the objects, to be hardened, possess all the same formation of structure. 
Abstracted by Dr. Hans Pollack, Geo many, 


fTHE RESISTANCE OF COPPER-CONTAINING THOMAS AND OPEN 

\RTH STEELS AGAINST CORROSION. By Dr.-Ing. K. Daeves, Diissel 
Stahl und Eisen, May 6, 1926, pages 609-611. 

[he author describes briefly the corrosion tests, carried out by the 
r. M. on wrought iron and steel, containing a small percentage of copper 

without copper, the copper bearing metals proving to have a considerable 


riority over the plain metals against the attack of the atmosphere. 


The results of similar tests, accomplished in Germany, were interpreted 


). Bauer in such a manner that an amount of copper was selected which 
the most advantageous effect, where an intensive action of sulphurous 

r earbonie acid is encountered. 
‘o clear up this contradiction the author examined the results with the 


of the research of great figures. He obtained a curve showing the sam 
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O10 020 036 040 0.50 
Per cent Cu 
of the copper as Americans have found it; an amount of 0.20 per cent 


r is particularly efficacious. It may be further seen that Thomas steel 
sses the open-hearth steel in corrosion-resistance and that the percentags 
pper in Thomas steel is more effective than in open-hearth steel. 

Che results obtained by corrosion tests in the earth are not as clear as 
in the atmosphere, but the superiority of Thomas steel and the influence 
pper may also be seen in that case. 


Abstracted by Dr. Hans Pollack, Ge rmany, 
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This report als with the or] r results and t] he 








ton Heroult furnace of the Gloeckenstal verke, A.-G 
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the formerly used 1175 KVA-transformer, rebuilt on 173 






shows the reduction of t] melting period t early hi 





in the consumption of rrent no 





per ton ot the ch 













tion of 


the melting down voltage of the 1175KVA-transforme1 


volts at constant effect 


transtormer: 









steel of the following chemical comp tion: rbon 1.03 pet t, 










0.32 per cent, silicon 0.39 per eer } ! ( G e] 
per eent and chromium 0.05 per ! 
he total thermal eftiei nev amounted 45.7 nel ‘ent. resp 50.1 


the thermal effi 
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up of complete material and heat balane 







The sampling oft the metal and siag baths mav only |] eorri 
tipping the converter: thereby t} elose muixturt Ol metal und 





abolished, the duration of melting is prolonged and the heat sses 
The difficulties of the slag sam ng during the Thomas process are n 
The te mperature measurements of the gases is attended with oreat ad 


the author obtained satisfactory results with the aid 





rhodium thermocouple. 







Measurements of temperat wel ( ried out { t] 1] 
Kurlbaum-pyrometer and b t] tem ature corrections, tal 


consideration the not-black radiat are still very imperfect. | 


measurements were made with a platinum, platinum-rhodium thermo 







pig iron. Measuring the temperatures of Bessemer pig iron both py! 
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with each other within the ordinary limits of error; on basic pig 


ical pyrometer indicated the temperature on an average 45 degrees 





egrees Fahr.) to low. The Bessemer steel was tapped with the slag 





lle; therefore it was not possible to aim at a pure metallic surface. 





rature reading was about 1500 degrees Cent. (2732 degrees Fahr.) 





of 0.70-1.00 per cent carbon. Tapping a Thomas heat the slag is 





back and there are no difficulties to aim at pure metal and slag sur 





temperature of metal and slag was determined with 1650 degrees 





2 degrees Fahr.). The temperature of Bessemer pig iron and steel 





wrrected, that of the basie pig iron was improved by 40 to 50 degrees 





to 90 degrees Fahr.) and the temperatures of Thomas steel and slag 





ected aceording to a correction table given in Stahl und Eisen 1919, 





(emission capacity 0.40-0.65). 





ther the author describes the sampling of gases and its difficulties. 





author investigated the Bessemer process in two Swedish steel works 





Thomas process in a Swedish and in a German plant. 





[he progress of the examined heats, the material balance of a Thomas 





d heat balances are shown by numerous diagrams and tables. 
Abstracted by Dr. Hans Pollack, Germany. 


KASURES OF THE TRANSFORMERS FOR ELECTRIC ARC STEEL 


tNACES. By Dr.-Ing. F. Sommer, Duesseldorf-Oberkassel. Transactions 







Steel-Work-Committee of the Verein deutscher Eisenhiittenleute. 





s paper deals with the influence of the transformer-measures on the 





effect and the consumption of energy of electric melting furnaces and 





s to give the possibility to lay down the most suitable transformer 





by calculation for any case. 





‘or the measure of a transformer the energy consumption of the furnace 





the melting period is decisive; this miy be divided into two parts: 





1.) The consumption of energy being necessary for the transformation 





solid metallic charge into the liquid state (useful effect). 






.) The amount of energy being necessary for the covering of the 






e losses during the melting period (lost effect). 





(hese values were determined in the following manner: On a great num 





f heats the total energy-consumption, necessary for the liquefaction of the 







was measured. From this amount the useful effect, ascertained by cal 






n, was subtracted. The remainder, divided by the melting time is the 





used for the making good of the total losses of the furnace plant during 





elting time. 





With the aid of these values it is possible to calculate the nominal effect 






transformer after the following formula: 











N 


cos <p 





KVA, nominal effect of the transformer, 
KWh, theoretical consumption of energy for the liquefaction of 1 





ton solid charge. 
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.tons, weight of the charge, 


T........hours, requested melting time, 


a. . KW, effect required for making good the losses of the fu 
during the melting time, 
eT factor of the electric effect of the furnace plant. 


irom the measured values of the consumption of electric energ 
melting down of 1 ton and the time required by it, the author de 
following diagram of the loss effects and shows how the required tr: 
2500 
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Weight o§ Charge in Tons Weight of Charge in Tons 


Effect of the Transformer at Dif Loss Effects of Electric Ari 
ferent Melting Time and at Different naces Referred to Melting 1 
Weight of the Charge. Relation to Furnace Capacit 
Heating Intensity. 


effect may be calculated for furnaces of different size and of different n 
effect; further the author gives a diagram from which the required 


former effect may be gathered. jbstracted by Dr. Hans Pollack, Germa 


DISCUSSION—CYANIDE BRITTLENESS 


(Continued from Page 964) 











We make this steel as hard as 


But on some classes of product 


accomplish this is to quench in water. 
if possible, and still have some ductility. 
are oil quenching after washing the cyanide from the parts, then rele 
and oil quenching. 
V. E. 
be of interest to the production man, would it? 
U. A. 


seems the only way out. 


This keeps our oil clean. 
HILLMAN: That introduces an extra operation which would 


LAMPARD: I know, but if you have to meet these conditions 
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Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City 
Member of A. S. S. T. 


1,590,730, Method of Desulphurizing Iron, George S. Evans, of Oak 
Park, Illinois, Assignor, by Mesne Assignments, to The Mathieson Alkali 
Works of New York, N. Y., a Corporation of Virginia. 
[his patent describes a method of desulphurizing iron as it flows from 
ipola without interrupting the routine foundry practice. The patent 
s that by the use of this method scrap or pig iron, containing a higher 
entage of sulphur, may be safely remelted in the cupola and the sulphur 
ntent reduced to within the desired limits. The method comprises adding 
fused soda ash (sodium carbonate) to the stream of iron flowing from the 
pola by means of an auxiliary mixing trough 3, This trough is provided 
th a skim gate 10 adjacent the cupola and a second skim gate 12 ad- 


icent the outlet of the mixing trough 3. A slag aperture 9 permits the 
ig trapped by the skim gate 10 to pass out of the mixing trough and 
additional slag trough 17 permits the slag, resulting from the soda ash 
reaction, to flow from the mixing trough. The fused soda ash is intro- 
iced into the iron as it flows through the mixing trough by means of 
hopper 15, located adjacent the outer end of the mixing trough. In this 
way the iron coming through the skim gate 10 comes in contact with a 
soda ash slag of low concentration and as it flows toward the end of the 
trough 3, the concentration of the soda ash is increased until the iron is 
bjected to the full strength of the soda ash adjacent the discharge point, 
where the sulphur content may be reduced to the desired limit. The oper- 
tion of the process is continuous and does not interfere with the ordinary 
ndry practice. A mixing ladle 4 is illustrated as receiving the puri- 

| iron from the trough 3 and the pouring ladle is indicated at 18. 
1,590,739, Purification of Iron, George S. Evans, of Oak Park, Illinois, 


Assigner to the Mathieson Alkali Works, of New York, N. Y. a corporation 
of Virginia. 


} 
S 


This patent describes a similar process to the one above in which a 


xing ladle 21 receives the iron from the cupola and in which the ladle is 
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of a sufficiently large capacity to maintain a relatively large poo 


iron. In this pool, an alkaline refining slag is maintained wh 


> 


the suphur content of the iron. The fresh alkaline refining mate: 
as fused soda ash, is added to the mixing ladle as needed. 

1,590,731, Refining of Iron, George Septimus Evans, of Oak p 
Illinois. 

This patent describes a method of refining iron in the cupola, 
larly to reduce the sulphur content thereof and therefore permit 
of coke or iron containing high percentages of sulphur by chargi 
cupola with bricks of fused soda ash, in addition to the normal 


charge. These bricks are charged at the same time the lime stone is 


pi 


and the charge is proportioned to secure the desired purification of i: 

1,601,541, Manufacture of Chromium Alloy Steel, Byramji D. Saklat 
walla, of Grafton, Pennsylvania. 

This patent describes the method of manufacturing high chro: 
steel having a low carbon content direct from chromium ore. The met! 
is particularly intended for use with an open-hearth or electric fur 
and comprises forming a molten bath of steel having a metal laye: 
taining carbon as the major reducing agent and a slag layer in 
the chrome ore is incorporated, and maintaining the bath in the m 
condition to cause a reaction between the carbon in the metal laye 
the chrome ore in the slag layer to thereby directly reduce the chrom 
in the steel. The carbon content is predetermined by the chromium des 
in the final steel. 


1,601,787, Steel Alloy, Joseph W. Weitzenkorn, of Pittsburgh, Penn 


sylvania, Assignor to Molybdenum Corporation of America, of Pittsburgh, 


Pennsylvania, a Corporation of Delaware. 
This patent describes a manganese steel alloy having the chara 
istics of both iron and steel in that it is hard and wear-resisting, to 


strong and dense. The alloy comprises 0.85 to 2.50 per cent carbon, 
to 3.00 per cent manganese and from a fraction of one per cent to 
per cent molybdenum, the remainder iron, except for the usual impu! 
The increase in carbon content over that of the ordinary manganese 
appears to give the new results described. 

1,602,274, Process for Detempering Steel, Evan James Lewis, of Canons 
burg, Pennsylvania. 








and 
Sw 
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patent describes the process of quickly detempering ordinary 





or high speed steels so as to permit sharpening of the same or the 





(he process comprises heating the tool in a suitable furnace or in 





‘smith’s forge to a temperature of about 975 degrees Fahr., then 





ng to cool to a dark red glow and quenching in a special liquid, 





s prepared by dissolving 3 pounds of soda ash, and 14 pound of 





5 gallons of hot water. The quenching liquid should be main- 





at about 150 degrees Fahr. According to the inventor, the entire 










process can be carried out within 1% hour. 


1,602,995, Nonferrous Alloy, William A. Wissler, of Elmhurst, New 
york, Assignor to Haynes Stellite Company, a Corporation of Indiana. 
In this patent the inventor states that alloys of the type comprising 


i 


ering 
















t and metals of the chromium group, which are especially adapted 





ise as cutting tools, may be substantially improved by the introduc- 





of larger percentages of boron than have been heretofore used. The 





of composition is indicated as follows: 
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Per cent 

1) Tungsten .... creel ae eer 55 ala ea ee to 30 

| Chromium OO dal IE eect ee are aed aa gree aoe ion ae to 30 
G Carbon Sn he ee Elo a ee OO Tae ee 0.79 to 32.40 
] i) —_ ms fas an we fON SI arr ane. wl ghee Rvece serie aaa Ca 
is [ron Se de nile Retin lear aan ee Ree ean ae - OO to 5.00 
f OT eee rere Teer eee Tere TT icvccees Cf OO Te 

Saklat Cobalt eee re Cee Te ee ee Terre eTcrr TT 

best results, the carbon content should be not more than 0.50 per cent 
hi ve the boron content. 

: 1,603,165, Heat Treating Furnace, Hans O. Swoboda, of Edgewood, 
_ nd Barl M. Richards, of Pittsburgh, Pennsylvania, Assignors to H. O. 
. Swoboda, Inc., of Pittsburgh, Pennsylvania, a Corporation of Pennsylvania. 

» This patent describes a heat treating furnace comprising suitable 
” rame members 3, and a series of spaced refractory tubes 1, in insulating 
ron wks 2. The tubes 1 are packed in suitable powdered insulating material 

des 

» Pen 
sburg! 
ira 

t 
t 

» and all parts of the furnace are mounted so as to permit expansion and 
anol ntraction thereof under heat. Inside each tube 1 a metal tube 5 is 
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positioned. The tubes 5 are electrically connected at the ends th 
suitable straps 7. The tubes 5 are heated by the passage of ele 
rent there through and the articles undergoing heat treatment ar 
through the tubes 5 by insertion at the right and pushing throu; 
continuous procession either by hand or by some suitable pushing a) 
ing machine. At the opposite ends of the tube 5 a chute 14 condu 
heated articles into a quenching bath 16. 

1,604,890, Acetylene Torch Nozzle, John B. Eastman and John G 
fin, of Los Angeles, California, Assignors, by Mesne Assignments, of 0) 
Half to Kobe, Inc., of Los Angeles, California, a Corporation of Califo: 
One-Fourth to Pacific Oil Tool Company of Los Angeles, Californi 
Corporation of California; and One-Fourth to Gilbert S. Beesmeyer, of 
Angeles, California. 

This patent describes an acetylene torch nozzle N provided wit 


usual central aperture 4 and having outlet nozzles 7 and 8 extending ai 


angle to the end of the nozzle N and converging so as to concentrate t! 
jets thereof at approximately the point of impingement of the jets up 
the metal to be cut and thereafter to spread the flame, as at J, so as 


cut with one operation, a kerf or slot at the inclined walls, as indicated at & 
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THE QUESTION BOX 












The Question Box 


\ Column Devoted to the Asking, Answering and Discussing 
| of Practical Questions in Heat Treatment — Members 
| Submitting Answers and Discussions Are Requested 
| To Refer to Serial Numbers of Questions 














QUESTION NO. 193, Is S. A. E. steel 1120 or 8S. A. EF 1112 screw stock 
h is rather high in phosphorus and sulphur any more liable to rust than 
ary cold-rolled shaf ting ? 






\NSWER. It is understood that this question has been asked in rela- 
to the use of screw stock for the manufacture of valve stems. Through 
aid of one of our members who is intimately familiar with the manufacture 
alves and valve parts, we are advised that the use of screw stock for valve 
ms should by all means be discouraged. 
The American Engineering Standards Committees cooperating with the 
\merican Society of Mechanical Engineers and American Society for Testing 
iterials have adopted a standard for valves in which the sulphur content in 
part of the valve should exceed 0.05 per cent. So far as is known no con- 
manufacturing valves uses cold-rolled steel spindles or screw stock for 
eam power plant or oil refining work regardless of the pressure, as it has 
come standard practice to use nickel-copper alloys, stainless iron or stain 
ess steel. Serew stock and cold-rolled stock when subjected to steam will 
w quite an appreciable amount of corrosion. Furthermore high phosphorus 
steel is likely to produce shock brittleness. 










QUESTION NO. 192. What is the recommended practice for annealing 





per cent silicon steel? 





QUESTION NO. 191. 
ve for breaking up the double carbides in an electric furnace steel 


Is there any available data on the temperature 






f 


ing an approximate chemical analysis of 0.40% carbon, 1.00% chromium, 





1% nickel and 0.80% manganese? 









QUESTION NO. 190. What is the most suitable thickness of a copper 


late coating to prevent carburization in the box type method of carburizing? 






QUESTION NO. 189. What is the McQuaid-Ehn test and what are its 

erits in selecting steel for carburizing? 

ANSWER. The MceQuaid-Ehn test for the ‘‘normality’’ or ‘‘ab 
normality’’ of steels for carburizing purposes has been described in several 
publications’ and for a thorough exposition of this work the reader is referred 

them. At the annual meeting of the society held in Detroit in September, 
1922, E. W. Ehn presented a paper entitled ‘‘ Irregularities in Case Hardened 








Work Caused by Improperly Made Steel’’ in which he described the MeQuaid- 
hn test. As a result of this investigation described by these men it is under- 
stood that the requirements of the test were inserted in certain steel specifica 

ons calling upon the steel maker to comply with the provisions of the test. 
Just how universal this requirement has been made we are unable to say at this 








time, 






‘H. W. McQuaid and FE. W. Ehn, “Effect of Quality of Steel on Case Carburizing Results” 
American Society of Mining and Metallurgical Engineers, February, 1922, and E. W. Ehn 
Influence of Dissolved Oxides on Carburizing and Hardening Qualities of Steel’’—lron and 

Steel Institute, May, 1922. 
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In the last named paper Mr. Ehn makes the following comn 
summarize his paper to an extent: 

‘* Failure in case-hardening, especially in reference to soft spot 
due to improper steel. Variation of structure of a carburized piec 
indication whether the steel is suitable for carburizing or not. 

‘*Coarse-grained structure in case and core of carburized steel 
crystals of pearlite, and clean-cut cementite areas in the hyper-eute: 
are signs of good or normal steel. Curly cementite, disintegration o1 
in hyper-eutectoid zone, and fine-grain size with rounded pearlite ar 
gradation zone and core are signs of an abnormal steel. Abnorma 
a tendency to give a thin case of high-carbon content and to form soft 
spots in hardening. 

‘*The structure of normal and abnormal steel varies with the ear 
temperature and the rate of cooling. Carburizing tests on a laborat 
can easily be made. 









‘*The variation in carburizing properties is caused by oxides 
distributed in solid solution in the steel. The ultimate cause is 
deoxidation of the steel when made, and no later treatment can chang 
properties. 


t 














‘*The influence of the oxides in regard to grain size is theoreti 
plained by their influence on the solidification of the steel in the ing 
their later obstructing action against grain growth. Disintegration 
pearlite in the hyper-euctectoid zone is caused by the solution pressu 
the oxides in solution in the ferrite. 

‘*The formation of soft troostitic spots in hardening of abnormal 
explained by the action of the oxide particles as starting points for the 1 
formation. This explanation is founded on the investigations of Port: 
Garvin on hardening of carbon steels. 

‘*The results obtained in heat treatment of all kinds of steels, 
high and medium carbon steel, is dependent on the presence of oxides 
steel, and many mysterious failures, especially in hardening, are likely 
their explanation by carburizing; and a microscopical examination of the 
tures obtained.’’ 













QUESTION NO. 188. What causes the scaling on the inside of 
of piston pins when heated in a Hoskins electric pusher type furnace 
the sulphur content of the steel have any marked effect? 


QUESTION NO. 186. Why should marking dies be rubbed with 
cloth before using? 






QUESTION NO. 185. What precaution should be observed in desig) 
such a tool? 


QUESTION NO. 183. What effect, if any, have the additions of al 
on the internal stress of tool steels? 















QUESTION NO. 180. Explain the effect of decarburization in grind 
QUESTION NO. 179. What is the difference between grinding cracks 
grinding checks? 








QUESTION NO. 171. What is the hardness of carbon steels at elk 
temperatures such as 400 to 1000 degrees? 







QUESTION NO. 169. What is the hardness of high speed ste¢ 
elevated temperatures such as 400 to 1000 degrees? 












QUESTION NO. 165. 
content of high speed steel? 


What importance should be placed on the ca 
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innealing: resistance to corrosion is in 

annealing in nitrogen and to 
greater extent by annealing in oxygen; 1 
sults of tests carried 


Germanys See brief 


creased bs 


out at Reichsanstalt, 
translated abstract in 
Chem. & Industry, vol. 45, no. 42, Oct. 15 
1926, Pp S30, 


HEAT TREATMENT. Influence of Heat 
freatment of Aluminum on its Rate of Dis 
solution in Hydrochloric Acid (Ueber den Ein 
fluss der thermischen Behandlung von Alu 
minium auf seine Auflésungsgeschwindigkeit 
in Salzsiiure), W. Wiederholt Zeit. fiir an 
organische u. allgemeine Chemie, vol, 154, 
June 6, 1926, pp. 226-237, 7 figs. Rate of 
dissolution of aluminum in hydrochloric acid 
probably depends on ease with which local 
electrical cells can be formed, and thus on 
extent to which impurities, chiefly silicon, are 
separated from mass of metal; dissolution is 
nost rapid when aluminum has been heated 
to 300 deg.: at this temperature equilibrium 
is attained, and maximum separation of 
silicon occurs See brief translated abstract 
in Chem. & Industry, vol. 45, no. 38, Sept 
ave 1926, p. 7 


ALUMINUM ALLOYS 
AGING. Significance of Silicon in the Ag 
ing of Aluminum Alloys Containing Lithium 
rr Magnesium (Die Bedeuting des Siliziums 
fiir die Vergiitbarkeit des Aluminiums durch 
li oder Mg), P. Assmann. Zeit. fiir Metall 
kunde, vol. 18, no. 8, Aug., 1926, 26 
60, 3 figs. 


lithium or 


pp. 256 
Maximum hardness of alloys of 
magnesium with commercial 
aluminum, after quenching from above 500 
deg. cent. and aging at 18 deg., is obtained 
when silicon impurity of aluminum is just 
sufficient to form silicides Li,Si or Mg.Si; 
with more or less silicon than this, hardness 
of aged alloy decreases proportionately to 
excess or deficiency ; with very pure aluminum 
neither lithium nor manesium produces aging 
phenomena. See brief translated abstract in 
Chem. & Industry, vol. 45, no. 42, Oct. 15 


, 
1925, p. 831. 


ALPAX, Some Mechanical 
Bars of Alpax, H. J. Tapsell. Aeronautical 
R search Committee—Reports and Memoranda, 
no. 1011, Dee. 1925, 9 pp., 2 figs. Results 
obtained from tests to determine mechanical 
properties at air temperature and at elevated 
temperatures of cast silicon-aluminum bars; 
it is shown that this material is valuable 
casting alloy; ultimate tensile strength com 
pares favor ibly with that of chill-cast Y 
alloy. 

Special Alpax Metals (Les Alpax spéciaux), 
M. Petit. Revue de Métallurgie, 
7 and 8, July and Aug., 1926, pp. 418-431 
and 465-484, 53 figs. Discusses research work 
to obtain an Alpax metal of 13 per cent Si 
content, of better mechanical and _ physical 
properties, by addition of one or several other 
metals; heat treatment of special Alpax 
metals; velocity of cooling, ete.: micro 
graphic examination: inconclusive results. 

ALUMINUM-SILICON. The Constitution 
ind Structure of the Commercial Aluminum 
Silicon Allovs, A. G. C. Gwver. Inst. Metals 

Advance Paper, no. 404, for mtg. Sept. 1-4, 
1926, 43 pp., 54 figs. Constitution, struc 
ture and mechanical properties of modified 
aluminum-silicon alloys; theory based upon 
colloidal lines is put forward to explain na 
ture of modified structures; application of 
this theory to other alloy systems; alloys 
possess good founding qualities; are appre 
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mtg 
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fet. Engrs. 
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. Sept. 1926, 
experiments on binary an 


Castings, R. J. Ar 
Metal Market, vol. 33, 
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0, and 13-14, 9 f 
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heat treatment f 
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15 pp., 17 figs. Res 
1 ternary all 


AST FURNACES 


gins Campaign, J. 


vol. 


78 no. 8 


1242, 3 figs. 
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D. Knox. Iron Trade 
Nov. 11, 1926, pp 
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nical Method 
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met de chemische methode, bij het N 
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in Dutch Blast-F 
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hoogovenbedrijf), F. W. Van 


r, vol. 41, no. 26, Jur 
1926, pp. 525-534, 


5 figs. Discusses n 
antity of air suppl) 


produced and distributed to boilers and 
rs; indicators and distance contr 
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ings, 
79, 
figs. 
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W. A. Stuart. Iron Trade Rev 
no. 16, Oct. 
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HOT ROLLING Working f Brass at 
High Temperatures (Untersuchungen  uebet 
chic Warmverarbeitbarkeit des Messings), K 
Hlanse ry. Zeit 1ur Metall inde, vol 18, n 
8, Aug. 1926, pp. 247-255, 13 figs. Presents 
diagrams showing equilibrium diagram f 
copper-zine alloys containing more than 50 
per cent copper showing lines of equal con 


pressibility (under static and dynamic pres 
sure), hardness, tensile strength, elongation, 
ind reduction of area: reduction in height 
f B-brass under dynamic blow remains fait 
lv constant up to 00 deg then increase 
rapidly with rise f temperature, whereas 
with A-Brass, slow but steady increase takes 
place throughout temperature range; results 


show that reduction in area is best indica 
tion of most suitable temperature for work 


ing brass 


MUNTZ METAL Standardization of Mic 
roscopie Examinations of Muntz Metal Al 
loys, R. S. Pratt. Min. & Met., vol. 7, mn 


237, Sept. 1926, pp. 374-375, 5 figs. Pre 
sents sketches adopted in preference t 
photomicrographs in laboratory f Brida 


] 


port Brass Co., where it was felt that the 
could be more conveniently made to present 
exact type of structure desired 

PRESSED BARS Technological Behavio 
of Pressed Brass Bars (Das technologische 
Verhalten gepresster Messingstangen), WW 


Késter. Zeit. fiir anorganische u. allgemein 
Chemie, vol. 154, June 6, 1926, pp. 197-208 
Structure of Pp essed brass bar changes a 


long its length: at beginning it is granulat 
f 


it end, a section appears more uniform and 
consists of fine grains of A-and-B-mixed 
ervstals: mechanic il properties vary corres 
pondingly; change in structure along ba 
depends on conditions governing cooling of 
press block and on copper content of brass 
See brief translated abstract in Chem. & In 
dustry, vol. 45, n 38, Sept 17, 1926 p 
aol 


WORKING PROPERTIES The Working 
Properties of Brasses. Brass World, vol. 22 
no. 10, Oct 1926, pp. 325-326, 1 fig. Ger 
man metallurgists report on investigations 
with many types of brass; hot-rolling prob 
lem when impurities are present in appreci 
ible quantities. Translated from Zeit fiir 
Metallkunde 


BRONZES 


COMMONLY USED Bronzes in Common 
Usage, E. G. Jarvis. Brass World, vol. 22 
no. 9, Sept. 1926, p 285-287. Formulas for 
preparing some of popular mixtures; effects 
of silicon, manganese, nickel, and phosphor 


us 


HEAT TREATMENT Heat Treatment 
Improves Bronzes, N KX B Patch Iron 
Age, vol 118, no. 13, Sept. 23, 1926, pp 
841-842, 2 figs. Modern methods for control 
of erystal structure in castings; effect o 
iluminum bronze. 


CASE HARDENING 


DISTORTION Predicting the Distortion 
of Heat-Treated Case-Hardened Rings, P. J 
Haler. Engineering, vol. 122, no. 3170, Oct 
15, 1926, pp. 470-471, 2 figs. Points out 
that ne f the greatest drawbacks to ex 
tended use of case-hardened parts is distort 
tion; presents charts showing maximum and 
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ELECTRIC 


BUTT On Electric Butt Welding, I 
Okamoto Inst Elec Engrs Jay in J] — 
fo/7, Aug 1926, pp. 885-898 16 figs. Deals 

ith butt elding of soft steel bars. (hh 
Japane se, with br I Eng! sh ibstract) 

GAS HOLDERS Electric Welding Steel 
Gas Holders, G. 7 Horton. Can. Engr. vol 
ol, no. 10, Sep 7, 1926, pp. 277-279, ; 
fig Tendency towards heavier and mort 
conomical construction welding various 
parts of gas holders; advantages of spherical 
pressure containers for gas or oil Pape! 
presented at ( Gas Assn 


ng of High-Chromium Alloys Intended t 
Meet Extreme Conditions. S. M. Norwood 
\m Electrochen sor Advance Paper, no 
10, for mtg. Oct. 7-9, 1926, pp. 133-136 
Author has yvercome obstacles inherent in 

lding of alloys containing more than 1( 

r cent chromium by iddition of 8 per 
cent nickel t high-ch mium alloys; bit 
tion of diminished corrosion resistance to sul 
phur pt ducts, generally accompanying iddi 
tion of nickel, has been removed by addition 
a per cent silicon 
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livdrogen 
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PP 
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sor 
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any other known me ins; howevel 
is hardly out of laboratory stage, 
llres further development to sult 
ymmercial conditions. 

First All-Are Welded Water Pip 


Warner. 


WELDING 


WELDING 
Wel 


: 10, Oct. 1926, 

rs tesults attained in re 
of General Electric (¢ 

ndicate quite clearly that 

made by it which cannot be 


HROMIUM 


ALLOYS. The 


ARC 
1 with the At ( 
R \ Weinman. An 

vol. 5, no. 
I 


o 
ing 


Am. Welding Soc Ji.. 


vol. 5, no. 9. Sept.~1926, pp. 19-23, 5 figs 
What is said t be first completely are 
elded pipe line in United States and long 
est pipe line f its tvpe, was recently com 
pleted for city of Vallejo, Cal.; it has a 
length f ; miles, ind s steel-plate con 
struction i seams being electric-are 
velded 


19 
iit 


STAINLESS STEEL Ar 
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iny 


STRUC 
Structural 
Fish We 


PP 


ite 


TURAL 


St 


ding Engr., vol cy 9, Sept 


sTreT 
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gth 


less St s, W Johnson. Welding Eng 
11, no. 10, Oct. 1926, pp. 35-38, 16 

ig Ind rial Welded Products Co has «de 
loped electric welding of chromium iron 
t high point f perfection, ifter long 
veriod of experimentation and _ research it 
s now possible o make welds in high-ch 
nium low-carbon plate having same cher 

il analysis as plate itself 

STEEL PIPE Progress of Welded Pipe 
ines f Oakland Water-Supply. Contract 
rs’ & Engrs’. Monthly, vol. 13, no. 3, Sept 
1926, pp (1-72 3. figs Steel pipe fabri 
ited by new process of are welding used 
throughout 


STEEL Arc Welds in 
\ M. Candy and G. D 


of down 











be obtained and 


STRUCTURAL 


designs 
STEEL I 


special 


Welding in the Manufacturs f 
Steel, A. G. Bissell. Am. Weldi 
vol. 5, no. 9, Sept. 1926, pp. 24 
Following points indicate stabi 


welded joints 5 deposited metal In 


joint develops average of 60,000 
in. tensile strength, and 50,550 
in. in shearing strength; such j 
strong enough to remain intact 
tural steel members were badly def 
der static load of 40 tons: wher 
to vibration of 1760 reversals p 
are welded joints surpassed standa 
joints in permanence, and showed 


than structural 
results of 
welded 


material 
tests, it is 
joints ar 


joined I 
concluded 
capable of y 


any stresses that structural mer 
withstand without deformation ar 
main intact even after structural 


are deformed or 


STRUCTURAL 


broken. 

STEEL Struct 
Joints Fundamentally Designed  f 
Welded Connections, A. M. Ca 
Welding Soc.—Jl., vol. 5, no. 10, O 
pp. 76-92, 12 figs. Describes desigr 


specimens, and design for welded st 


ing for Westinghouse Electric & M 
it Sharon, Pa.; testing work was 
on at Carnegie Inst. of Technolog 





ELECTRIC WELDING 


SEAMS. Welding Tight Seams 
Welding Engr., vol. 11, no. 10, Oct 
pp. 55 56, 6 figs. Team work bet 
sistance seam welder and spot weld 
up production program of electric-d 


fact ry 


FERROALLOYS 


ADDITIONS, DETERMINING WI 


OF. Determining the Weight of All 
ditions, R. S. Kerns. Blast Furna¢ S 
Plant, vol. 14, no. 10, Oct. 1926, py 
$41, 1 fig. Author has prepared s 
curves which make it possible t 
determine amount of ferroalloy to | 

to any weight of charge. 


FORGING 

ELECTRICALLY 
New Type of 
Presses (Eine 


DRIVEN 
Ele ctrically 
neuartige 


PRESSI 
Driven | 
elektrisch be 


ne Sx hmiede presse a A Friederici Zé 
Vereines deutscher Ingenieure, vol 
39, Sept. 25, 1926, pp. 1288-1290, 8 
Use of forging presses and hammers 
nomie and technical superiority of 
cally driven forging presses over | 
ind presses heretofore in use. 


FURNACES. Economically 0O 
Forging Furnace, G. L. Davis. By M 
Engr., vol. 100, no. 10, Oct. 1926, py 
633, 1 fig. Oil-fired adaptation of old 
draft, coal-burning forge 
The Largest Steam-H 
W. J. Priestley. Min 
Oct. 1926, pp. 42¢ 
war-time achieveme! 


PRESSES. 
Forging-Press, 
vol. 7, no. 
figs. Notable 
scribed for 


92 
200, 


first time press used f 
ing armor, as well as bending and re 
it, and forging ingots for large calibe 


UPSET PROCESS. 
Proc ess, J. ©. 
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9-614, 11 hig VERIZED - COAL - BURNING P 
I manufacture of ball bearing Vel ed Fuel n Meta rei il Fun . P 
el and its peculiarities, and tice, L. P. Sidney. Metal Industry (I 
forging it; explanation f ul yy 10. Sent » 1996 . 15 
ess and advantages of method » figs. Account of Buell system and 

th ther methods; problems f ipplications salient point ae te 
s and steels used in making tl inniied to metal vical nac ‘ 
tance of heat treatment i to control is absolute itor 1 n f fu 

d for upset forging nt t; } xture \ ’ i enal 





POUNDRIES 















five six feet yurne fla s | 
tESS Fifty Years 3 ind tal and velocit in be idjusted s tha I 
S. G. Smith. Foundry Trade J travel is n required f ; plet ait 

31, Oct 21, 1926, PP o4 bust n { pe re ( n t ( I ] | \ 

- \ f author’s experience touching facility nd niforn thi yh t { nac 
es of work that have made s seconda : can be preheate . 4 
nt In recent years; status ot saving of fuel is estin ited as ranging f 
in; methods of molding and mod 90 to 50 ver cent . 
neces; drying and baking stoves; , 


progress in use of metals; pouring FURNACES, REVERBERATORY 
res, heat treatment and ng ; RELINING Relining G@melting Furnec: 


\ Weinod. Metal Industry, vol. 29, no. 1 








FURNACES, GAS Sept. 17, 1926, pp. 273-274. Fettling; cor 


NANT - HEAT. A Radiant-Heat Fu Se Oe Oe ee nee Ferre 
G Jl., vol. 175, no. 3302, Sept. 1, _ 


$74, 2 figs. Patented design Vas IRON 
ind applied by Wollers of Krupp 













: } pect PASSIVITY Passivit ind Cor n « 
es: its chief characteristics ‘ a a 
t ] } , I n, L MeCulloch A Electrochem Sor 
ng 1S nti! \ radiat I with > 
¢ oe siccebagheabt Advance Paper, no. 15, for mtg. Oct. 7-9 
orn 1 ( seg ntiv \ } ; : 
rormation, an con wel \ l 1926, rn 197-205 Describ ty new : 
lvantages of flame contact witl a a sit , . tit 
tances Ass ILY ; p SSILVE rusting 
(2) intimate admixture f ga ; i , : 
oem } 1 . : iio ¢ nh 1s cl bed { Cu { { l 
Atel eater in e¢ I i en] ble iron salt wh h ire } ld pon il n 
eariy stages eiirf } t 








FURNACES, HEAT TREATING 
\S FIRED Gas in in Aut 








STAINLESS. Stainless Iron has Unusua 
Wy Merits, T. W Downes. Iron Age, vol. 118 





C. H. Lekberg. Am, Gas Jl., vol. 125 no. 19, Nov. 4, 1926, pp. 1265-1268, 3 fi 
Oct 30, 1926, pp. 539 544 De Results | ot tests I ] \ irbon, en on Lu 
ntinuous' heat-treatment furnaces iron alloys at Naval Aircraft Factor) show 
Studebaker plant, South Bend, Ind.; car ease of fabrication when annealed; stainless 
furnaces; hardening furtiaces; burt iron resists corrosion and its strength In 
ised by he treatment 





FURNACES, INDUSTRIAL IRON ALLOYS 


DEVELOPMENTS. Industrial Furnaces ALLOTROPIC TRANSFORMATIONS. A 
edfen), L.. Weiss. Zeit des Vereines lotropi insformations n Iron-Silicor 













r Ingenieure, vol. 70, nos. 39 and lron-Phosphorus and lron-Manganes Alto 
Sept. 25 and Oct. 9, 1926, pp. 1281-1287 Metallurgist (Supp. to Engineer, vol 142 
9-1361, 33 figs. Historical develop n 3694), Oct. 29, 1926, p. 160. Review 
f reverberatory-furnace design in ré Wo! by Esser and QOberhoffer in Bericht 
t met llurgic l ndust : develop der Fachausschiiss¢ de Vereins deutsche 
I electric are in connection with Eisenhiittenleute, no oo, Nov od. 1925 








m production; fuels employed and iuthors employed differential dilatometer t 
orifie values : different types nvestigats ettect I silicon, phosph rus ind 

¢ and annealing furnaces of latest de manganese on iron: shows that silicon ar 
leulation of their fuel « ynsumpt n phosphorus art very lar n thel eff 
ieney. in certain respects; effect of manganese 





\T INSULATION Selection of oo ea Foes Ga ae 
Furnace Insulation, M H. Mawhin results obtained on adaition of carbon 

















: Ps ickel t iron. See reference to eina irt 
rging Stamping Heat rreating, e ; " 
no. 9, Sept. M996, pp. 328-333, 12 icle in Eng. Index 1925, | 116 

\lso Blast Furnace & Steel Plant, vol CEMENTATION, Cementation f Allovs 
| 10, Oct. 1926, pp. 426-431, 12 fig f Iron and Copper by Tungsten, Molybd 


















S tions for selection of proper furnace num and Tantalum (Cementation des allia 
n for various conditions which ar ges ferreux et culvreux p e t rstem 
] found in practice. molybdéne et le tantale), J Lal is Aca 
BURNING Piping Systems for Oil démie des Sciences—Comptes Rendus, 
’ , 129 : ( 1¢ 99 pp 2-115 
g Furnaces, ¢ ( Hermann. Mach 7S, = 19, May 10, 1926, pp. 11 LI 4 
vol. 33, no. 3, Nov. 1926, pp. 201 Extent cr cementation Ww determined | 
figs. Analyzing average complaint of measuring dé a of penetration en in 1 
ndustry using present-day oils, it is CFOSECTIONS ; eect ceaipen wees ae 
found that entire trouble is di vestigated for 800, 900, 1000, 1100) and 
: ae S ; ; s 9 ent nd time ting a 
of recirculation of oil: shows how 1 UU deg Cent., and tl ci , S 
able features of dead-end svstem trom 12 to 10 hrs. 





en eliminated by utilization of recir IRON - CARBON Heat f Formation of 
f oil. Cementite as Electrolyzed from a Pure Iron 





































































































































































































































































































































































































































































































and 


rran » WV ] 10 n { Oct 1926 pp. 615 
629, 2 figs Results f calorimetric dete! 
mination of heat of formation of iron <« 
bide ; value of 13580 calories per g 
molecule was obtained at 86 deg Fah 


V . 
work establishes fact that results of Camp 
bell and that of Schenk are in err 


IRON - CHROMIUM -CARBON, The _ Te! 


nary System Iron-Chromium-Carbon (Die he 
terogenen Gleichgewichte Liquidus-Solidus in 
den rerniiren System Eisen-Chrom-Kobhlen 
stoff). A. von Vegesack. Zeit. fiir anorgan 
sche u allgemein Chemie, vol. 154, June 


6, 1926, pp. 30-60, 7 figs. Iron and chr 
ries of mixed cry 

depressed when chi 
mium is added to iron to minimum of 1490 
chromium, and 

then rises to that of chromium, which is a 


mium form continuou sel 


stals; melting point is 


deg with 28 per cent of 


bove 1700 deg. ; carbon content of alloys 
fter fusion was always less than 0.1 pel! 
cent; microscopl structure f alloys con 
taining less than 380 per cent of chron 
depends on their heat treatment Bibli 
graphy. See brief translated abstract in Brit 
Chem. Abstracts, Aug. 1926, p. 799. 


Investigation of the 


IRON - NICKEL. An 
Physical Properties of § | 
loys of the Invar Group, E. A. Blomaqvist 
Rensselaer Polytechnic Inst. Eng \ 


Science Series, no. 13, June 3, 1926, pp. 10, 
8 figs. Investigation covers study of tw 
groups of iron-nickel alloys, first containing 
30.5 per cent of nickel and second 28 pet 
cent of nickel with varying additions of 
manganese and magnesium; coetticients ol 
exnansicl between 0 ind 100 y Cent 
and up to 25 deg Cent have beer det 


mined ;: require small ad 
ready forgeabilits 

effects of nickel and manganese indicated b 
earlier workers are confirmed; additions of 
either or both, coefficient of ex 
pansion; effect of heat treatment is also 
indicated ; innéaling causes decrease in 
length while quenching produces 
on other hand, annealing raises coefficient of 
expansion while quenching lowers it. 


IRON - NICKEL. The Relation 
Space-Lattice Constant and 
Nickel Alloys, \ 


ditions of magnesium for 
increase 


increast 


Between 
Density of Iron 
Osawa. Tohoku Imperial 


Univ Sci teports, vol. 15, no. 8, Jul) 
1926, pp. 387-398, 6 figs. Investigation f 
xamining relation between lat 


purpose of ‘ 
tice constant and 


density, with view to as 
certaining 


density of concentration 
of nickel is explained by variation in lattice 
constant, especially in case of reversible 
nickel iron, 

H E A T-TREATMENT LABORATORIES 
Heat Treatment Industrial Laboratories 
Metal Industry (Lond.), v 29, no. 13, 
Sept. 24, 1926, pp. 290-291, 2 figs. Meth 
ods and equipment of laboratory of city 
of Birmingham Gas Department, England; 
details of recuperator furnaces and tempera 
ture recorders; research w ; demonstra 
tions on commercial scale f hardening, 
tempering, case-hardening, or normalizing. 


METALLOGRAPHIC Wheel Makers Ex 
pand Laboratory, R. A, Iron 


whether 


A. 





Fiske, g 


Age, 
vol. 118, no. 13, Sept. 23, 1926, pp. 838 
840, 4 figs. Test specimens studied in new 
metallographic department of Assn. of Man 
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MALLEABLE IRON 
BLACK-HEART Blac 


Remarques sur la mall 

( Kluytmar kond f 
Sept 1926, pp 209-214 
cusses defects of blacl 
duced in reverberatory f 
nm ¢ le 1 tal I casting 


and gives samples 


BLACK-HEART The 


B Heart Malleable Ih 
Ileating Overt uincd Mate 
Am. Soc. for Steel Treati 
I $, Oct 1926, pp. 6 
sents ent | re dey ' 
ng sensitive nat f t 

n t ttleness (chara 
Trac ire th val 
causes ynieh hay I n I 
{ this diffi and pre 
nent which may | Dy 

il qualities I ma ibl 
to hay beer subje | 


PROPERTIES A St 


Cast Iron, O. Quadrat and 

I ndryvmen’s Assn Prey 
g. Sept. 27-Oct l, 192¢ 

gration t f I influer 

} n ph | D ‘ 

of nalleable castings 

high temperat s and t 

strength tI té te mat i] 


p. vVO 
REQUIREMENTS Wh 
] ile Cast I 
n’s Assn 
14, for mtg sept 27-O 


pp What cor mer des 
ph sical requirements q 
tion of physical prop é 
vield point machinal 

welded castings heat { 


t 
i 
- 


son oO 
chined Malleable Castings, 
Foundrymen’s 
mtg. Sept. 27-Oct. 1, 
Results of tests 


METALLURGY 
BIBLIOGRAPHY. 


gir il Literature, R 
Stamping—Heat Tr 
Sept 1926, pp 

cedure to be followed in 
into metallurgical literat 
periodicals and magazines 


eating, 


BUREAU OF 
Rest rch W rk 
Ww. Gillett ors 
ing, vol. 12, n 
i figs Reviews 
division of 


t Bureau 


3 o 


LO Oct 


_ 


354-357 


T 


Reseat 


Rimbacl 


\ 


TY 


ads 


Te ; 


B 


M 


STANDARDS 


ing—Stamping 


192 






AILUR 


OLTE 


Mis 


and with 
tances known 
weight was 
manv other 


n of aif \ 


PLASTIC DEFORMATION The Question 

Plastic Deformation, reus Blast 

ind teel an | . 10, 

1926, pp : i if Author 

insight ito hara astic de 

ion l 1; various ob is and theorie: 

. : . diseu ; application to ro g, rging and 

OSION-RESISTING, Metals nressins Translated m Stahl u. Eisen 
n or High Temperatures, H. J , pica ‘ ; 

n. Electrochem. Soc.—Advan PROPERTIES. Metals and Their Properties, 

5, for mtg. Oct. 7-9, 1926, pI ' Newton Sheet Metal Worker, vol. 17, 

Principal characteristics and 10. 17, Sept. 24, 1926, pp. 657-658. Man 

plications of metals used industt facture of wrought iron and steel; lead; 

esist high temperatures or inganese; mercury; nickel; phosphorus ; 
considered include mercialls platinum; silver; tin; zinc. 

er, aluminum, lead, , silver, SECONDARY. The Problem of Secondary 

1 iron, and their alloys, Metals in World Affairs, F. W. Willard 

rOMETRIC ANALYSIS rir aad ind Indus. & Eng. Chem., vol. 18, no. 11, Nov 

(Applications of Dilatometri lalys L926, pp 1178-1182, 5 fig Metal re 

ils, N Portevin and P. evel " d ources of wor] : economics of secondars 
lrymen’s Assn.—Advance Pa metal recover) ossibilities 


tg Sept. 


4 p 


27-Oct. 1, 1926, D.. STRESSES. Li Stresses. 
and hysical ; lysis ; (Supp. to Engineer, vol 142, 
ri + 3: ] 29, 1926, pp 145-146 Discusses 
which severe local stressing may 
rners, notches of any kind, 
f material; suggestion that 
due to riveting can be avoided 
welded joints is at first sight 
but there are obvious compensat 


TESTS The Testing and Prop 

Materials (Werkstoffpriifung und 

genschaften), G. Sachs. Zeit. des 

1 aton l of itscher Ingenieure, vol. 70, no. 

under sli author lieve hat ood, g. 28, 1926, pp. 1167-1169. Analysis 

cent researches | t evie\ tensile test; author suggests 

eper ins ght ( i ( Fail | Li { r be practi¢ illy pe ssibl 

than was former! b] lat um test separately various 

TING AND MIXING. Meltine and n il properties involved in 

d f t1 , even when this idea can 

Metallurgist (Supp. ( Engineer, o eneediioheie suabeass siasinat of somite 
no. 3694), Oct. 29 26, pp. 146 : es ‘fea oeit egg es 


1) depends entirely upon nature of 
‘ 


scusses question of ni or repeated 


neo t 
SI eS 


> . : . rii iggest that value of reduction 
f certain alloys if satisfactory cast : eee . f vl 
to be obtained; refers to work of 143, OCURG AS TNR SS eee 
( all ers ( k Ol 
» ont Banas / : . alities of metal is not adequately appr: 
I f ( .awards on opper-alum um . = 
al ; . See oe o% ciated; discusses question of arriving at 
= something like a “figure of me rit’? in which 
results of tensile test might be summarized 


y confirming view that nothing 
gained by remelting; iggests that 
s_ which arise when = i ingle numerical value. See translated 
for first time are ci - : ract in Metallurgist (Supp. to Engine 
presence Of gases 10. 3689), Sept. 24, 1926, py 
[OLTEN, HEAT OF MIXING. Heat of 
of Molten Metals (Untersuchungen 
Mischungswiirmen geschmolzener M« NICKEL STEEL 
A. Magnus and M. Mannheimer. Zeit firs Pe : 
ikalische Chemie, vol. 121, no. 3-4, CHARAC TERISTICS Characte 
1926, pp. 267 288, 8 figs. it ‘ Allov Steels. Am, Mach., vol 6: 
rect methods have been employed Oct. 14, 1926, p. 647. Reference 
of heat changes on mixing molten nickel and nickel-chromium steels. 
1 tin, zine and tin, lead and cad 


n and cadmium, and bismuth and NONFERROUS METALS 
Vaan PeCperscms, GERMAN STANDARDS. German Stand 
LING. Addition of Si) tan irds for I rrou Metals (Die deutschen 
x Baths in the Metal Indu i be rkstoffn ( Ni 


l seizb lider 


hteisenmetalle) B 


; 


technisches J 


ae @ireesbutfedal Joit. fil vol. 341. m 7, t., 1926, 192-194 


aiigvernhe iit 
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1014 TRANSA€ 


OIL FUEL 
ATOMIZATION IN BURNERS 





TIONS 


Affecting Aton \ I n Oil Burne | 
Barkley Power Plant Eng., vol 0, n 19, 
Oct. 1, 192¢ pI 1048-1049, 1 fig Data 
Set rea nd con n iraw! mh CX} 
rie th ¢ I I | I p } I 
I na S 
BURNERS. Progress in Industrial Heating 
I MacLeod West. Machy. World, vol. 17 
! ) Sept., 190°6 pp sSS-390 ) fig 
Det f Ray fuel burnin system, wl 
supplied with oil from it ndent 


OPEN-HEARTH FURNACES 
BASIC The Basic Open-Hearth 
P. H. Shaeffer. Min k Met vol 


,S Oct., 1926. pp $53-435 Y 
proportion f components influence 
| du ition I light nd hea 
{ iron charg [Ol desired carbon 

LOW-SULPHUR BASK STEEL 

f Sulphur in Basic Open-Hearth Ste 
tice, A. N. Diehl Am. Iron & Stee 
Advane Paper for mtg. Oct ) 

>, =p 14 fig Re f invest 
influen pig iron and = scrap; 

f fuel lime ! iron e and 1 

manganese gases and temperat 

f slag Sk \ stra n Ir 
vol. 118, n 18, Oct 8, 1926, p 
119 


MANGANIFEROUS ORES, USE (¢ 
LT se ot High-Manganes« Basic Pig 
Manganiferous Ores in Open-Hea1 
Practice, \ W Smith. Ar Iron 








na 
‘ I 
| ’ 
ST I 
VV sCcray 
cont ; 
Act 
el P 
| Inst 
) 1926, 
rot 
influen 
Iract 
ire ind 
n Ag 
' ] ; 
| LiLo 


Inst Advance Paper for mtg. Oct. 22, 1926, 
8 pp Discusses reasons which have been 
advanced igainst use ft manganite S$ pig 
n nh open hearth pr ictice . idv intages ob 
tained by using manganif S pig iron; lt 
iuthor’s opinion advantages f use of mar 
ganiferous pig iron are greater than dis 
idvant izes ; use of t per cent Nnangan fer- 
is fine ore as “charged t 
niferous lump ore as working See als 
ibstract in Iron Age, vol 118 n LS 


Oct. 28, 1926, pp. 1193-1194. 


OXYACETYLENE WELDING 
ALLOY 


STEELS Gas 
Steels, W stewart, 


Welding Engr., vol. 11, 
no. 10, Oct 1926, pp. 41-42 Points out 
that ill all Ss can be welded; heat treat 
ment of welds: brazing alloy steels: why 

rm bronze welds fail 1S¢ f cast-iron 
filler rod; experience with welded bits 

COPPER Oxy-Acetylene Welding of Cop 
per, A, Evle Machy. (N 7» vo. & 
no. 3, Nov., 1926, pp 199-200, 3. fig 
Precautions nec irs In W lding f coppe . 
preparing copper for welding; torch and 
flame adjustment 


RERIGERATING 
vlene Welding in Refrigerating W 


Catalene Refrigeration, vol. 40, 1 4. Oct 
1926, pp. 64-65. Strength and_ tightnes 
essentials: welding of freezing-tank coils 
underground pipe lines; welding replaces 
soldering of ice cans; castings cut by flan 
(Abstract). Pape r read before Nat Assn 
of Practical Refrig« rating Engrs 

ROOF TRUSSES Tests n Oxwelde 


Roof Trusses, H. H. Moss 
World, vol 


Welding 


INDUSTRY OX) 


17, no 10, Oct.,' 19% 


7 
> 





THE A. 8S. 8S. 7 





139 and 
neering principles and 


in welding of structural 


448, 5 fi 


PYROMETERS 
SURFACE-TEMPERATURI 
MENTS. Pyrometers for § 
ture Measurements. Engine 
ni 3171, Oct. 22, 1926, 
figs. New form of pyromet 

Instrument Co., |] 
successfully 
paper 


piatens, 


employe 
making 
rubber-pr¢ 
machines; in 








RAILS 
WEAR. The Wear of R 
ir Frage d 
schienen), A. Dormus Stahl 
46, no. 28, July 15, 1926, 
Based on experience on Arlb 
Bozen lines, it is shown tl 
rails having tensile strength 
sq. mm. were far more dural 
ent other types employed, h 
strength of only 45 to 50 | 
these conclusions from actua 
ire totally opposed to res 
fF abrasion 


series of tests made 
machine, which author regard 


that values given by this n 


relation to abrasion  resistan¢ 
ind suggests explanation, S¢ 
stract in Metallurgist (Sup, 
vol. 142, no. 3689), Sept 


135-136, 


REFRACTORIES 
FOUNDRY. Foundry Refr 


Booze. Fuels & Furnaces, \ 


Sept 1926, pp. 1071-1076 D 
ditions imposed on refract 
furnaces, namely, abrasion, fi 
ment and expansion, and wal 
insulation, effect of jonts, 
ind heat capacity specificati 

f testing. 

Joint Committes n Found R 
Am. Foundrymen’s Assn Advance 
43, for mtg. Sept. 27-Oct. 1, 1 


Preliminary reports of subcom 
vey of refractories in malleal 
OXIDES. 


FUSED The The 


sion of Some Fused Oxides | 
fractories, G. E. Merritt. Am. | 
soc Advances Pape yr Be. Ba 1 
9. 1926, pp 283-291, 10. figs 
expansion of oxides of silicon, 
reonium, of mixture of ne-t 


cular proportions of 
ind of refractories 
mina and zirconia 


INDUCTION 
for Induction furnaces, M. Unger 
trochem,. Soc Advance Paps r, 
mtg. Oct. 7-9, 1926, pp. 41-4 
Requisites for commercial furn 
induction furnaces; of vari 
studied, oxide proved 
efractory more nearly fulfilling 
than any other; pitch was select 
bounding material. 


MELTING PURE 


thoria 
made of n 
were measul 


magnesium 


METALS, |! 
rac Melting Pure M 
Nickel, Platinum, L. Jordan, A 
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Biinder) 
1ug., 1926, 
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rgist (Supp. 
sept. 24, 
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speed bi 


liary appli: 
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int seems 
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LATORS, 


0 7 > m.; 


, nickel and platin 

ALLIZED SILICON 

I { recrvstall ed Sil 

I. Fitzgerald Am. Elect 
Paper, no. 21, for n 

pp. 279-282, 1 fig. D 


LING Cold 


Strips (Kaltwal 
Kruppsche Mon 


pp. 140-144. 
Pp machines f 


icluding bend 


Iso translated 
t 


Engineer, vi 


1926, p 139 
mill having 


d length of 800 mn 


rs developing 
ing variabl 


it is well 


l. 
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inces, including 
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to be study 
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drive by 3000-hp nduct 
MENT AT Experimental Rollin 
I echnical High School i 
Germany (Das Versuchswalzw: 
hen Hochschule Breslau). Stah] 
l. 46, no. 29, July 22, 1926, 
S87, 2 figs a abstrac 
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no. 14, Oct. 2, 1926, pp. 691-694, 3 figs 
Consists of completely electrified blooming 
mill, structural mill and plate mills, pow 
house and substation: electrical equipment 
comprises more than 90 motors totalir 
16,000 hp 


STRIP MILLS Strip Mill is Unu 


















































Compact, | L Prentiss Iron Age, vol 
L118, ho 17, Oct 21. 1926, pp 112 
1128, 3 figs Floor space is conse rved n 








plant of Cleveland Cold Rolling Mills Co.; a 
curate adjustment of mill rolls and revers 
ible coilers are features; plant was built for 
special purpose of supplying prompt ser\ 

n narrow sizes of cold-rolled strip. steel 
users in Cl 
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STAYBOLTS 

SPECIAL STEELS FOR Locomotive Fire 
box Stay Bolts Metallurgist (Supp. to En 
gineer, vol. 142, no. 3689), Sept. 24, 1926, 
pp. 141-142 Refers to experiment recently 
carried out on Detroit, Toledo & Ironton 
R. R. of Henry Ford, making use of alloy 
steel containing 0.10 to 0.14 per cent of 
carbon and 0.25 to 0.35 per cent of chrom 
ium; apparently these bolts have success 
fully resisted corrosion and erosion on flame 
_gide; success of American experiment would 
pavecest trial of one or other of new steels 

wt. for staybolt purposes. 

8, STEEL 


f ¥ BOILER, INTERCRYSTALLINE CRACKS 































































































































































































\ A New foiler Steel and _  Intercrystalline 

a Cracks. Power, vol. 64, no. 17, Oct. 26, 
? 1926, p. 623. Experiments with new boiler 
Ps steel and cause of intercrvstalline cracl 











in Europe, that of Association of Stean 
Boiler Inspectors at Ziirich, Switzerland, an 
that of Association of Large Steam Boiler 
Plants at Cassel, Germany. 

CAUSTIC EMBRITTLEMENT Caustic 
Embrittlement of Steel, S. W. Parr and 








were discussed at two meetings recently held 
1 
| 
































F. G. Straub. Chem. and Met. Eng., vol 
83, no. 10, Oct. 1926, pp. 604-607, 6 figs. 











Study of its cause and prevention in boilers 
reveals valuable data for other chemical en 
gineering applications. 

CEMENTATION. Rational Use of Cements 
(L’emploi rationnel des céments), J. Her 
bert. Technique Moderne, vol. 18, nos, 16 
and 17, Aug. 15 and Sept. 1, 1926, pp. 
481-491 and 525-532, 40 figs Aug. 15: 
Practical results of systematic study of cen 
entation: reactions; carbons used, compo 
sition of cements, action of various constit 

























































































uents; tests in cementation with charcoal, 
1lone or in combination Sept. 1: Com 














position and distribution of zones of cemen 
tation; cements used in form of pastes; re 
sistance of some steels to cementation. 


CORROSION Determining Rapidity 
Rusting in High-Grade Steels (Ermittlun 
Rostgeschwindigkeit von Qualitiitsstiihlen), V. 
Duffek Korrosion und Metallschutz, vol. 2, 
nos, 7-8, July-Aug., 1926, pp. 183-187 
figs. Discusses cause of corrosion and tests 
to determine its rapidity by increasing pres 
sure of oxygen; process of corrosion, effect 
of quantity and form of rust on rapidity 
of formation 

CORROSION Tests as to Exact Deter 
mination of Corrosion of Steels by Chem 
ical Reagents (Versuche tiber die genaue 
Bestimmung der Korrosion durch chemische 
Agentien an Stiihlen), V. Duffek Korrosion 
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TIONS OF 





1 2? Y 
pp 149-152, Desc 
ending n reduction in 
vhen suspended in acids f 
sivity of steel; effect of 


n velocity of dissolution 
FATIGUE TESTS Some (¢ 
gue Tests in Special Relat 
pressed Conditions of Test, H 
H. J. Tapsell. Aeronautic 
mittee—Reports and Mem 
Apr., 1926, 21 pp Re 
series of endurance tests 
idopted by Aeronautical Re¢ 
ee as standard material I 
tests by various investigat 
that varying results obtain 
reconciled on any simple bas 
terion of limiting shear stres 
GASES IN. The Determin 
in Iron and Steel (Die B 
Gase in Eisen und Stahl), P. K 
1. Eisen, vol. 46, nos. 37 
Sept. 16, 23 and Oct. 7 
1254, 1284-1288 and 1353-1 


cussion) 1356-1358, 4 figs R 
lished works on subject; hot 
vacuum and evaluation f 1 


discussion of chemical-chan 
ubility of CO and COg, in : 

HARDNESS A Further St 
Distribution of Hardness in Q 
bon Steels, and Quenching C 
Tohoku Imperial Univ. 
15, no. 3, July, 1926, pp. 371 
Investigation of distribution f 
carbon steels, which had been 
quenched and immersed in liq 
ness measurement being mad 
Shore’s scleroscope. (In Eng] 

PHOSPHORUS ELIMINATION 
ing Phosphorus, Sulphur and (¢ 
Ferrous Metallurgy (La te 
zione del fosforo dello zolfo « 
in siderurgia), A. Angiolani. I 
$40, no. 95, Mar. 15, 1926, 1 
Discusses various reactions, 
quired temperatures; also f 
necessary. 

SALT SOLUTIONS, EFFECT 0 
of Solutions of Salts on Fer 
(L’ action des solutions Sa 
métaux ferreux), R. Girard \ 
Sciences—Comptes Rendus, vol 
July 19, 1926, pp. 213-214 I 
f action on steel and cast 
tions of salts of concentrat 
mately the same as _ those 
are present in sea water; magne 
and magnesium sulphate are relat 
and attack steel more rapidl 
iron, but in no case does r 
with calcium sulphate a_ prot 
of rust is formed. 

SPARK ANALYSIS (Apercu s 
aux étincelles), E. Pitois. Bullet 
du Bureau Veritas, vol. 8, 
1926, pp. 151-153, 6 figs. De 
produced by contact of steel 
stone, etc., and shows that q 


V scl R 


la 


may be determined from figure of 


SPECIFIC HEAT. On the 


of Carbon Steels, S. Umino I 
perial Univ.—Sci. Reports, vol 


July, 1926, pp. 331-369, 14 fig 
of experiments made by autl 
mine heat content of each temper! 
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1250 deg en | i 
steels with refer t ( 
I ind h { : J 
i heat-ter perat 
Ss Stainless Steels an I 
Metal Industry (Lond.), vol 
Oct. 29, 1926, pp. 419-4 
s; composition of slag; 1 
g, pickling, welding, al 
IN AND COMPRESSION, EFFECT 
the Change of Temperatur nd 
Induction of Steel in Tension d 
I Ie 9 Y Kidani and R pas 
I l Univ., Faculty of Eng 
ll, Oct 1926, pp. 2 
f Experiments to determi! 
or absorption, and chan 
nduction of initiall mugnet 
onetized carbor steels - w 
yy elasti pla ( lef 
| English. ) 
STEEL CASTINGS 
\LING Annealing Steel Castings, 
tor Found: vol. 54, n 1 
6, pp. 854-857, 6 figs. Sp 
steel castings require son in 
tment this is mecessary tha 
I relieved of strains and 
s specified 
PROCESS Son Physit 
d Composit n ot Cast ( 
( M. Campbell Am. Found 
Preprint no. 37, for mtg. Sep 
1926, 6 pp Author presents 
figures and composition of several 
st carbon steel made by n 
s: calis ittent n Tt hig! d 
d from test bars ‘‘a cast 
iled condition, also close limits 
hich it is possible to hold cor 
f various kinds of carbon steel 
v limits within which it is | 
hold sulphur in converter 
ANESE IN Manganes« in Cast 
H. Hall Am. Foundrymen’s Assn 
se 10, for mtg. Sept. 27-Oct. 1 
p 4 figs. In author’s opinior 
tests fully justify opinion that 
d cast steels containing fron 20 
.30 per cent carbon, and man 
1 ft 2 per cent, possess |! 
( bination of properties that 
hem f greatest val for severe 
machine parts, 
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ALING, 
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The Heat Tre 


Boylston. Fuels and 
9, Sept 1926, pp. 
nealing of forged or 
ects f 


tments, 
ind case 
le n¢ d ( 
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686-689, 


‘1, high-speed 
hardening, 
hardening ; 
bie ts 
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tf S | ( i I (; 
| nd I | J] \ 34, 1 
f, Sept. 2, 1926, pp 20 Shows 
I is | yr d vith f irbon-titani 
I I ind ves { ( 
bt . 4 $ Sé is 
t ! n tee f ind casting 
T 7 ' y tT T ‘ n tT. 
g li more powerful qua 
{ I s con nd th does not 
( lirt vhnen ed ; it S essent 
i £ I l col ining titanium 
ell s som lissolved titanium 
n 3 le I tric furnac by re 
( I { x \ » 4 bor Pape 
id bef St | ! ting f Iron & 
teel Inst. 
NORMALIZING AND ANNEALING No! 
nalizing and Annealing Machy (Lond.), 
I. 25, I 729, Sept 30, 1926, pp. 791 
(92 Points t that norma ng is very 
ich pl nd cheaper process than oil 
I ng and mpering there ji nly on 
( ng instead { two, d there is not 
tal me ty tor extreme ( ira a 
perature control; when ann if proper is 
ibstituted for 1 malizing t Ss possible 
that very much v se structure is result 
PRINCIPLES Facts and Principles Con 
cerning Steel and Heat Treatment, H B 
Knowlton Am. So f Steel Treating 
Trans., \ 10, 1 ft, Oct., i926, pp 
6338-656, 11 figs Fundamental prin Iple ot 
normalizing, annealing, hardening, tempering 
ind heat treating of low and medium ca 
bon teels: use ff eritical-range diagran 
ind charts giving physical properties p 
duced by different heat treatments, are ex 
plained; photomicrograph re given to sh 
efiects of different heat treat nts) upol 
tructure of steel. 
STEEL INDUSTRY 
RUSSIA The R n Tro ind Ste 
Industry Iron & I | Rey \ 
113, no 3052, Aug 4 1926 | ty 
Statistics of production 
SWEDEN The Development f the Swed 
sh Iron Ind During the Last Thirt 
Years, A. . nd A. Wahlberg Lré 
& Coal Tr , vol 113, nos 052 
and 30538, ig nd Sept. 8, 1926, pp 
291-294 and 351-353 Presents idea of what 
has been done n Sweden during last thirt\ 
years in developing iron industry; deal 
with raw material pig-iron productior 
wrought iron and_e ste nechanical treat 
ment of iron and steel; annealing of steel 
metallurgical educat n; market for Swedis! 
iron and steel. 
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STANDING OF THE CHAPTERS 


l 


| ollowing tabulation there appears t he relative membership st inding 


28 chapters and 3 groups of the Society as of December 1, 192 


GROUP 1 GROUP II GROUP III 


oO -. aa » Harttord 135 2 Tos Angel 
T sad a Milwaukee | ‘e Ss N ew lave 


lelphia ‘ ova ft, Golden Gate 117 t. Washington GS 
urgeh 2320 D. Syracuse ; Q5 Tri-City (3 
York 268 5, Cineinnati Q5 5. Rockford G! 
a. soy 242 7. Indianapolis S4 7. Rochester O4 
8. St. Louis 83 &. Worcester 59 
9, Buffalo . 59 9, Toronto 58 
10. Northwest 55 10. Scheneetady $%) 


i. Providene te 
12. Fort Wayne 39 


13. Springfield 33 
14. Southern Tie OL 
re were 126 new and reinstated members during the month ot Noven 


During this period 28 names have been dropped for non-payment ¢ f dues 


have been dropped on account of resignation and deaths, leaving a net 
r the month of December of 85 members. 

On December 1, 1926, the total membership of the Society was 4002 

Group I—The Cleveland Chapter gained 2 members while the Chicag 
r made a gain of 4 members during the month. The Detroit Chapte1 


the largest gain of any of the chapters in Group I, adding 19 to their 


With this large increase in membership, they jumped from 4th to 3rd 
right on the heels of Chieago. All but 2 of the chapters in Group | 
| gains for the month of November. 

Group 1I1—The relative standing of the chapters in Group IL remains th 


s during the month of October. However, there have been several 


es in their numerical standing. Lehigh Valley and Golden Gate wer the 


+} 


apters of this group which showed a small loss for the n onth, 


Group I1I—The Montreal Group showed the greatest gain in membership 


hapters and groups for the month, with a gain of 25 members, advance 


em from position 7 to Ist place, incidentally increasing their membe 
130%. This surely is a remarkable gain for one of our newest groups. 


other chapters and groups retain their sam relative positions as last 


light change in their numerical rating. 


however, there has been some s 
will be noted that there is a new member in Group III 


roup, with a membership of 382. Announcement ot lis new group ap 


7 ot this issue ot TRA ISACTION 


pave SO 
















































































The 
November o, 192 
through the 


cluded the 


were the making of 


> 


matic pyrometer 


and the bendine 


= 


At four o clock 


been 
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6, seventy 


granted permission to oo 


few 
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when about 
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elcome, gave a 
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reels of motion ] 
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Dinner was served in the 
tary ’s report of the October 
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service, 
bronze. 
to erueible 
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BOSTON CHAPTER 


THE A, 


pls 


S, 


le Boston hapter was he ld at t} 


five members spent the 


int. The 


rile 


( 


atter) 


departments 


iardening room. foundry, plate { 


and 


a high silicon aluminum 


sets and other shipbuilding special] drop forging 


e heating fur naces, 


le ue 


aboard the new 
navy, Honorable Curtis D. Wilbur, 
f the ship was conducted | 
This 


an upper deck with two 


1 ship, 


S] 


short ti 
p 


‘ard. 


Steel C 


Baltimic 


main dining room at 6:30, after which ¢} 
meeting was given and the 
Following this order 


Captain Louis Shane, | 


of bu 


y the chairman and 


kK. Gould, 


siness the 
nited States Navy, in 
Kore River, was introduced | 


a lloy Casting, h; 


ope rr 


copper and steel pipe and 


aeroplane carri 
and 
v the Naval off 


having a length 


Li 


accomplishments 
in the Conference 
ilk on the history 


G.. A, 


orporation, then 


Manufacture of Sheet 


re, 


iner 
speaker 
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delivered a 
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some of the interesting 
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er ‘4 
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pra ed 4 hont 40 grees Fah II ore Wit One 
that an OV f 85 per cent a, Fe pe ; t. co el nd 7.9 
\ wi ( \ cy ( Olt Lol Di Cligrilie W k 

e of inks was tendered to Captain Shane fo1 S interesting 
Gould d his ass tes for their hospitality 


ne was under the general direction of W. J. Kunkel, of the 


ittee, and arrangements for the isitation were very ably 
B. Ashworth, superintendent of the forge shop, to whom the 
ebted for the invitation to hold t meeting at the lore River 


research metallurgist of The Carbide and Carbon Laboratories, 


ldressed the joint meeting of the American Society for Steel 
| the Cincinnati Engineers’ Club on the evening of November 18, 
vas approximately 200. His subject was ‘‘ Recent Advances in 


5 from the Standpoint of Crystal Struetur 
in briefly described the methods used for X-ray analysis of crystal 
gregates and then showed how the crystal structure correlated 
operties of the metal or alloy. He then discussed the allotropi 


rystal structure at certain temperatures, characteristic of iron and 


metals. Due to this allotropic change, steel responds to heat treat 
r to the fact that earbon dissolves in face centered eubie iron 


ron), and is practically insoluble in body eentered iron (alpha iron 
the effect of alloying constituents upon these allotropie change 
| out their effect upon heat treatment. 
hardening of alloys by the precipitation of compounds therein, was 
scussed, This phenomenon is responsible for the hardening of 


igh strength, high 


the Sykes iron-molybdenum alloys and certain | 


oh chromium stainless steels were also deseribed and the corrosion 


4 


5 | was attributed to the formation of a permanent oxygen film upon the 
f the alloy. 

changes due to the tempering of various alloy and high speed steels 

. fly analyzed and was shown to be due to the decomposition of marten 


ved by the destruction of the retained austenite. 


Bain illustrated his lecture with a large number of slides which wer 

, vely upon the results of his own researches. 
4 ely discussion followed the talk and this showed the keen interest of 
wus \ Richardson of the Bethlehem Steel Corpora ‘on will present, on the 
December 9, a five reel movie deseribing ali the phas s of the 


+ 


re of All »\ and ‘Tor Steels This meeting will be held in the 
(lub building and sho ld be ot direct inte rest to all heat treaters. 
Nelson, of the Ludlum Steel Company, will be the speaker for the 
neeting and will discuss Nitralloy and its applications. 


Rockwell, inventor of the widely-used Rockwell hardness tester, 
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will address the March meeting and will demonstrate the 








appheat 


dilatometer to the heat treatment of steels. ki 












CLEVELAND CHAPTER (See Page 1035) 


GOLDEN GATE CHAPTER 


The regular October meeting of Golden Gate Chapter 







at the Engineers Club on the 13th instant, at which the write: 
as acting secretary in the absence of C. R. Mens. 







The meeting was called to order at 8 o’clock by vice-chairn 





Crook, acting in place of the regular chairman who had sudd 
called out of town. 





The committee chairman ealled on to report, M1 
der, chairman of the publicity committee, said that the pamphlet 
the 






personnel of the chapter and the winter’s program was now in 
practically all necessary material had been obtained. 


Mr. Thurston, chairman of the entertainment committee, 





plans for the regular December Smoker and a motion was propos 





onded, and passed, to authorize the entertainment committee to 


charge of $2.50 per head on that occasion. The consensus of opi: 








that local talent should make it possible to keep to this relatively lo, 
The question was brought up of an inspection trip to Stanford 
sity and the members were assured by Dr. Crook that it could be 


on fairly short notice, and at almost any convenient time to the chapt 






The chairman then introduced the first speaker of the evening S 
Fowler, metallurgist of the Pacific Foundry Company, whose subj 
‘S$Cast iron’’ 
Mr. Fowler touched on the history of cast iron, with a com; 
f the characteristics of steel in structural and other uses and then des \ 


the raw material.and manufacture of the product, with a discuss 






supola practice, tapping, ete. The internal constituents were then 


up one by ong, particularly the very vital factor of varying silico: 





tent and its effect on the carbon content. He also deseribed the IT ¢ 


( 







average proportions of phosphorus, manganese, etc., with compariso 
every case to the more familiar proportions in steel. 
The next point was the discussion of the recent efforts at 


‘ast iron with such elements as nickel for machinability and w 







jualities, and chromium for whitening. The speaker stressed 
portance of careful consideration of the various combinations of th 


important elements in producing a wide range of products. He 










described semi-steel and other special products of the iron foundry. 
uses of east iron in general were discussed with a number of fam 
examples. The talk closed with a description of methods of testing 
most usual being the transverse test, chemical analysis and actual result 
in service. 

This paper was received with a great deal of interest and was f 
by an illuminating discussion on such points as the acid-resistant qu: 
of cast iron, the recent developments of pearlitic iron, ete. 


The chairman next introduced the second speaker of the evening, | 













VEWS OF} 





THR CH 





(PTERS 





1 


the American Rolling Mill Company, whose subject was ‘* Physical 


—~ 


s of Metal at Elevated Temperatures’’, This is 


most interest 


and opens a field of great usefulness which has been the subjeet 


ch during the last fifteen years. A majority of tests covered the 
rope rties with very little effort to do any work on torsion, ete. 


t} 


tors are obviously most important. First, the condition of th 
._ that is, cast, rolled or having received heat treatment, ete. Se 
gize, a Zz inch gage leneth has been used on the most of the tests 
though an 8-inch length is sometimes specified. Third, tempe 
ntrol and measurement, which represents the greatest problem, and 
committee of the A. S. T. M. and the A. S. M. E. are now working 
andardized methods of procedure. Fourth, the speed of testing: ay 
temperatures, an inerease of speed shows a large increase in the 
strength—in some cases up to 40 per cent. Fifth, some sort of dial 
ment to show test results directly is, of course, a necessity. 
heating of the test piece is usually accomplished by a small electri 
direetly surrounding it, insulated with alundum or similar material. 
o eustomary methods of testing are, first testing to failure at a 
temperature, and second, testing with a prolonged load to failure. 
temperature range is normally divided into three sections, 70 to 85! 
es Fahr., to cover the normal requirements of carbon steel; second, 
1100 degrees Fahr.; and third, above 1100 degrees Fahr. The speaker 
cited a number of results on carbon steel, alloy steels and the higher 
resisting alioys. 
There is but little data available at the present time on torsion tests 
ch temperatures. This same remark applies also to impact tests. 
tain amount of work has been done on hardness tests, showing a pro 
ssive decrease of hardness up to 2200 degrees Fahr. 
Finally, the speaker discussed the varying effects of oxidation and 
sed with a number of questions from his interested audience. 
\fter an expression of thanks to the speakers for their efforts, the 
eting was closed by the acting chairman. 
\t the dinner there were 31 present, and over 40 at the meeting itself. 
D. Hanson Grubb. 
HARTFORD CHAPTER 


1 


(he November meeting of the Hartford Chapter was held November 9, 
he Hartford Electric Light Company Assembly Hall. The meeting 
s known as ‘‘Question Night’’ and members of the chapter had sub 
d questions they would like answered and discussed a month previous. 
questions were printed on the monthly notices and sent to all members 
posted on bulletin boards throughout the manufacturing companies 
(he evening was very stormy and only about 50 members and guests 
present. Those who came were well repaid as among the members 
nt who came prepared to answer the questions and enter in the dis 
were our Chairman, R. W. Woodward, 8. P. Rockwell, A. H. 


ambal and Lester Lanning. 
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The questions which brought lively discussion were as fo 
1—Best method for figuring steel treating cost. 
2—Knowledge a person should have to intelligently liste 
treaters meetings. 
Most suitable cutting oil for machining steel of 300 B: 
Interchangeability of hardness testing machines. 
The superiority of animal oil over mineral oil in cutting 
ing steel. 
6—Soft skins developed in hardening cobalt high speed st 


Questions were asked on the composition, heat treating and 


‘% 


brasses and bronzes. This is the first ‘‘Question Night’’ prom 


Hartford Chapter to have nonferrous questions appear and m: 
lieve the National Society is looking in the right direction to in 
ferrous alloys. mod. I 


INDIANAPOLIS CHAPTER 


The Indianapolis Chapter held the first Fall meeting on Mon 
September 13, at the auditorium of the Y. M. C. A. at which 


Richardson, metallurgist of the Interstate Iron and Steel Company, 


Proble 
from tl 


iemean 


very interesting lecture on the ‘*Story of Alloy Steels?’ 

methods of manufacturing steels beginning with the ores and t1 
manufacture through to the finished product. With the aid of moving 
every man was able to enrich his education in steel making and long 
followed. 

Dinner was served to approximately one hundred members 
many of whom came from near-by towns and cities. Our mayor ga 
address on city government and cited the necessity of scientific men 
steels for the ever increasing use of that metal. Musie was furnished 
bers of the local chapter. Numerous talks were given regarding tl« 
Steel and Machine Tool Exposition to be held at Chieago during 
the 
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ieceompanying photograph was taken of the group who assembled 
at this meeting. C. H. Beach. 


\londay evening, October 8, the members and guests of the local chapter 
Society enjoyed one of the best programs they have had this year and 
present left the meeting with a keen inspiration to really do things 
ence of handling steel. Possibly no speaker heretofore has left such a 
mpression. Even though we know a lot about steel and its handling 
that really we do not know many of the fundamentals regarding the 
is outlined by the eminent scientist and author, Dr. Guertler, president 
Metallurgical Society of Germany. 
While most of those present, mere students, trying to enrich their knowl- 
ve of the science of steel, were unable to grasp the deep lines of thought 
ziven by the doctor, nevertheless, all benefited from his address on ‘‘ The Hard- 
s of Metals’’, which subject undoubtedly had occupied but very little of the 
of the average industrial worker. In the discussion which followed the 
ess, Dr. Guertler enlightened the minds of many who had many perplexing 
stions to ask. The address was supplemented by numerous lantern slides 
g to assist the listener in forming a mental picture of all that was said. 
inspirations obtained were invaluable. 
Promptly at 6:30 those present enjoyed a good dinner and after the usual 
siness meeting which consisted principally of reports on the Chicago Conven- 
tion held in September, Judge James C. Collins, Judge of the Criminal Court, 
Marion County, presented a most interesting short talk on ‘‘The Young Man 
Problem’? citing his years’ experience in handling young men who had slipped 
from the tracks of righteousness and landed in the courts because of some mis- 
lemeanors or Offences to society. His talk served to raise the interest of every 
man present in the ‘‘ Young Man’’, 
Our regular orchestra was very much in evidence during the serving of the 
limner and helped to create the congenialty and good fellowship existing at all 
ir meetings. 
Motion for adjournment finally came because of the lateness of the hour 
ind all felt deeply indebted to our speakers. 
C. H. Beach. 
MONTREAL GROUP 


A course of 25 lectures with laboratory demonstrations, and illustrated 
th lantern slides, apparatus and specimens is being offered by the metal- 
irgical department of McGill University in co-operation with the Montreal 
Group of the American Society for Steel Treating. 

The course will provide an excellent opportunity to learn the funda- 
tal principles of making and treating iron and steel covering their 
osition, microscopic examination, methods of testing, mechanical and 

treatment, and other related branches of metallurgy. 
: (he course is intended particularly to give instruction in the funda- 
tal principles necessary for a full understanding of the technical! 
res and the published proceedings of the American Society for Steel 
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The lectures will be given not only by members of the | 
staff, but also by men prominently engaged in practical stee 





The lecturing staff will consist of Dr. Stansfield and Messrs. Spr 
Pascoe and Collitt. 

In view of the co-operation between the Metallurgical Depart 
the Montreal Group of the A. 8S. S. T. members of the Society 
the course for $5.00. The fee for non-members will be $10.00. 


NEW HAVEN CHAPTER 





The New Haven Chapter is trying an innovation this year and has 
to hold four sectional meetings outside of New Haven, viz.: two in Br 
and two in Waterbury. We have held one in each city so far, and 
from the attendance at both meetings, our new venture is surely | 
success, 

Thursday, November 11, was Waterbury Night. At half-past six 
seven members and friends held a get-together dinner at Thorpe’s Rest 

At eight o’clock we gathered in the Office Building of the Chase | 
panies, Inc., for the meeting. Last spring when President Bird mad: 
tion to the New Haven Chapter, we urged the national body to tak 
subject of nonferrous metals and we were indeed glad to see this motion | 
at the spring sectional meeting in Hartford. As we were one of 
chapters to urge such a step, we wanted to be one of the first chapters t 
such a meeting, so our November meeting was entirely nonferrous and 
most fitting and proper to hold such a meeting in Waterbury because tl 
is a large producer of nonferrous products. 

Our first speaker of the evening was Dr. C. H. Mathewson, chairn 
the department of mining and metallurgy, Yale University, whose subject w 
**New Developments in Zinc.’’ His talk was very well illustrated with lanten 
slides. He used as a main subject the development of a die cast alloy 
‘*zamak’’ and from the amount of discussion following his talk, on 
readily realize that his subject was very popular. 


The second speaker of the evening was D. K. Crampton, metallurgist of 
Chase Metal Works whose subject was ‘‘Season Cracking of Brass.’’ This 
talk was also illustrated with slides, and many questions were asked of 
speaker following the talk. Never in the history of the New Haven Chapter 
was discussion entered into as readily as in Waterbury, and we feel 
proud of our first venture into the nonferrous field. 

In the absence of our chairman, C. J. Sauer, who was detained in B: 
port by a heavy cold, our vice-chairman, W. Paul Eddy, Jr., presided, an¢ 
before the regular speakers talked, introduced F. J. Dawless, chairman 
membership committee, who gave an account of the progress of the member 
ship drive. This drive is going along nicely, but we are not going to be satis 
fied until we head Group Three with a membership of 100 or more, so get bus) 
and push this drive over by January 1, 1927. We are out to do this, so g 
busy and do your share. 


After an absence of several months, our old friend, H. G. Stigemar 
Bridgeport, was with us again, and he carried off the honors of the « 
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ng the attendance prize which was a twenty-eight piece chest of silver 
ted by our chairman, C. J. Sauer. It sometimes pays to be among 

resent. 

oes not seem to matter where the New Haven Chapter holds a meet 
old guard seems to be always on hand, but we have missed the smil- 
s of Major Bellis and E. C. Richardson lately, so we trust they will 
for our next meeting. 

‘'t forget the membership drive. Do your part and send in a new 
tion. W. G. Aurana. 


NORTHWEST CHAPTER 


e November meeting of the Northwest Chapter was held at the Manu- 

rs’ Association Club Rooms in Minneapolis on November 18. The 

pal speaker of the evening was N. L. Deuble, of the Central Alloy Steel 

rporation of Massillon, Ohio. His subject was the ‘‘Heat Treatment of 
Parts for Motor Cars.’’ 

Mr. Deuble first explained the S. A. E. nomenclature used for the classi 

on of carbon and alloy steels. Then proceeding to the individual parts 

motor car, he explained the type of stresses that these parts were de- 

ned to resist and then named the kinds of steel and their heat treatment 

by automotive manufacturers to attain the desired properties necessary 

sist these stresses. The above parts included the front axle, the right 

nd left hand knuckles, king pins, steering arms and tie rod for the front 

of the ear. For the engine this includes the crank shaft, connecting 

am shaft and bearings, and for the propulsion of the car, the trans- 

nm gears, spline shafts, torque rod, differential gears and rear axles. 

te wees ‘inally the roller and ball bearings and springs were discussed. 


From the inspection side, he pointed out that some type of hardness test 
ith lanter I ¢ 

ll ; hould be used. Some parts should be tested by the Brinell machine, some 
1OyV ated - 


the Rockwell machine and others by the scleroscope. It is assumed that 


al given hardness the requirements as to the proper heat treatment has 
fulfilled. 

tg This very enlightening paper was followed by an active discussion and 
we is the members and friends in attendance showed an exceptional interest in 
sae $ paper. 


gist 


The chairman of the Chapter, Dr. Dowdell, then introduced an innovation 

ir meeting by having H. A. Anderson of the Johnston Manufacturing 
Company, present an abstract of the paper ‘‘ Fundamentals of Oil Casting’ 

Hellings published in the June, 15, number of ‘‘The Foundry.’’ It is the 
itention of the officers of this chapter to have an abstract of some technical 
paper presented at each regular meeting. George C. Priester. 


PITTSBURGH CHAPTER 


The members of the Pittsburgh Chapter were afforded an unusual 
pportunity to inspect the plant of the Mesta Machine Co., at West 
Homestead, Pa., on November 4 at the invitation of that company and 
ere entertained by orchestra and quartet during a splendid dinner which 

ompany served at six o’clock in its dining hall. 
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About 125 assembled in the Mesta reception room at three o”* 
after registering and receiving an especially prepared badge ay 
‘*Inspection of Works’’, were led in groups of 10 or 12 by a guid 
this large plant. 

The machine department was first visited. This department 
of the largest and best equipped in the United States. Although 
the equipment was usual still most of it was unusual and of p 
interest, some machines of which were: a 100-inch draw eut shaper 
designed and built by this company which is the largest of its kin 
world; horizontal boring mills up to 20 feet in capacity; lathes 
inches in capacity; a pit lathe capable of swinging castings up to 
in diameter; specially designed gear planers capable of cutting heli: 
double helical gears up to 30 feet in diameter and 6 feet in face; 
design grinding machine for finishing shafts, roll necks, ete.; roll 
designed and built by this company which are capable of finis! 
largest rolls now in use. A notable feature of this department is 
surface plate to receive heavy portable machine tools such as hori 
boring mills, shapers, drill presses, special boring machines, etc., for m 
operations at one time on large castings. 

On the way into the foundry department, the visitors were 
through the pattern shop which is unusually well lighted and ventilat 
well equipped. 

The foundry is one of the largest in the world and one is impr 
by the completeness of the overhead and wall crane equipment. 

In the iron foundry are eight air furnaces and a cupola having 
bined capacity of 200 tons per day. This foundry is equipped with m 
molding equipment such as sand handling machinery, core ovens, dry 
ovens, concrete pouring pits, ete. 

The steel foundry, located in the same building which is of unus 
length, has four acid open-hearth furnaces, two of 50 tons and two of 4 
tons capacity. Some of the largest steel castings in the world have bee! 
poured in this foundry which is equipped with modern type drying ovens 
ingot pouring pits and annealing ovens. 

The metallurgical department is equipped with two tensile testi! 
machines of 100,000 pounds capacity, transverse testing machines, fat 
testing machine and very fine microscopic equipment. 

The chemical laboratories are large and well equipped. 

The Mesta Machine Company generates all of the heat, light and power 
used within the plant in its own power house which also contains th 
compressors. This is accomplished with a number of Mesta-built 
among which are two Mesta Una Flow engines. 

The forge shop was next visited. This shop is especially equipped f 
the production of heavy forgings, although lighter forgings used in Mest 
products are also made here. It contains a 2,000-ton forging press capa! 
of handling ingots up to 58 inches in diameter, an 800-ton press of the s 
type and a number of steam hammers together with the necessary h¢ 
and annealing furnaces, 
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ecting floor was then visited where each Mesta product, before 
ed, is assembled as far as possible, operated and tested to assure 
.etory operation. 
completed the inspection tour and, after being given a few min 

est, the visitors were taken to the dining hall where dinner was 

vhile the orchestra and quartet provided a most pleasing program. 
the cigars were lighted, chairman W. H. Phillips called the meet- 
rder and voiced the appreciation of the Chapter of the splendid 
spitality of the Mesta Machine Company to which President Wahr 

for the company in a short speech of welcome. 

R T. Bayless, editor of the TRANSACTIONS, who was visiting the 

tsburgh Chapter, was then called upon to make a few remarks. After 
ber of the new members in the Pittsburgh Chapter were introduced, 


thes siness of the evening was taken up and disposed of. 
ri 


chairman then introduced Walter H. White, superintendent of the 
3 a pen-hearth department of the Duquesne Steel Foundry Co., Coraopolis, 
0 the speaker of the evening, who read a paper on, ‘‘Steel Melting 
m which was followed by the showing of a number of pictures 

depicted many problems which Mr. White encountered in steel! 
r¢ 


«ting while he was at the U. S. Ordnance Plant at Charleston, W. Va., 
° ring the World War. 


Mr. White handled his subject from the practical viewpoint and was 


m presst sually well received and appreciated by his audience. In introducing 

subject he made a plea for the theoretical metallurgists to acquaint 
~ themselves more with the melting operation problems by personal exper 
1 mi nee. He told how physical testing had established standards in the 
sy dr tainment of which the melters owe much of their progress in making 


er steel. This brought about a study of the slag relationship to the 
nus eat and a decision that the slag must be made right before good steel! 


WO OF 4 | d be made. By keeping a record of over one thousand acid open-hearth 


Ave | its where physical tests were required, it showed that the slag analysis, 
1g S r and condition varied with the high and low physical properties and 


the green, low iron and manganese slag, ‘‘iron and manganese under 
ng ) per cent’’, gave superior physical properties consistently over the black 
, fatig metallic high iron and manganese slag. 

He said that in charging an acid heat on a hot bottom to put in pig 
rst if the bottom is new or low and you want protection and to put in 
ip first if the bottom is safe and high. To finish .25/.30 carbon, the 
harge should analyze: C: 0.75 per cent; Mn: 1.50 per cent; Si: 0.80 per 
P and S under 0.05 per cent. When melted down it will be: C: 0.50 
per cent; Mn: 0.20 per cent; Si: 0.10 per cent. The manganese and 


ipped 1 silicon later dropping to about 0.05 per cent. As soon as the heat is all 

in Mesta clear, limestone to the amount of 14 of 1 per cent of the charge should 

y Ca] ded and this regardless of whether the slag is thick or thin; add the 
the stone even though the slag is thin and follow with sufficient sand to give 
he 


> proper slag consistency and volume. By taking a slag test at the same 
the steel fracture test is taken and cooling it in water, it will be 
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noted as the heat begins its refining that the slag will gradually 
a dark metallic color to a light green. The slag should then e: 
than ‘‘35 per cent iron and manganese’’ and less than 3.5 per 
Mr. White then took up the subject of pouring temperature; 
plained their relationship to dry and green sand molds and size 
of the casting. He said that he believed both ingot and east 
should be poured as cold as good casting will allow and that if 
or ingot is poured so hot that too much time is allowed between t 
and solid state after the steel is in the mold, harm will always ha; 
At the conclusion of his paper, Mr. White explained the pictures 
were then shown and he gave many valuable suggestions to his list: 
A general discussion followed in which many took part. The 
of ‘‘flake’’ and its elimination by good furnace practice received 
deal of attention. 
The meeting then adjourned with a rising vote of thanks to Mr 
for his splendid paper and talk. 















Harry A. \ 







ROCKFORD CHAPTER 

























Friday evening, Oct. 29, Rockford Chapter of the American Societ 
Steel Treating held its meeting at the Nelson Hotel after the usual 7 
supper. The regular business meeting was concluded, after which the floor 
turned over to Mr. Peck, chairman of the program committee, who intr 
John Nelson of Barber Coleman Company, as speaker of the evening. 
Mr. Nelson’s paper on ‘‘ Steel Classification’’ was enjoyed by everyon: 
cause it was of interest to all users of steel. Mr. Nelson classified the st 
according to carbon and alloys and told the general applications of each gr 
He told the effects produced by the various alloys in the percentage that t! 
are present in commercial steel. 
After a lively discussion the meeting adjourned. 


ST. LOUIS CHAPTER 


The 61st regular monthly meeting of the St. Louis Chapter American 
ciety for Steel Treating was held Friday evening, October 29, 1926 at th 
American Annex Hotel. After the usual dinner and short formal business 
meeting, the speaker of the evening, Prof. C. W. Cuno, Washington U: 
versity, was introduced by chairman C, B. Swander. 

Professor Cuno’s subject was ‘‘New Things in Blast Furnace Opera 
tions’’. His discourse carried him from the time when steel industries 
in England ridiculed American efforts in the making of pig iron with 
little success around Pittsburgh, and that some of the first pig iron was 
produced in the vicinity of St. Louis, and the old blast furnaces can b 
seen today in a few hours drive to Iron Mountain; and up to the m 
melting practice and of a hotter flame than any hitherto known—name!} 
of 7000 degrees Fahr., even tungsten wire melting like an icicle in a gas 
jet; when the flame is played on a plate of chromium steel left m 
puddies in its wake. The process is where hydrogen is handled in suc! 
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metals do not oxidize since they are surrounded by hydrogen 


e heating and melting point. Professor Cuno closed his talk with 
to answer questions, which aroused an interesting discussion. 


ge vote of thanks was extended Professor Cuno and the meeting 


yurned. C. G. Werscheid. 


SCHENECTADY CHAPTER 


second meeting of the Schenectady Chapter was held in the chem- 
eture room at Union College on Friday, October 16. Dr. 
address on ‘‘The Light Metal Alloys’’. 


Guertler 
This proved to be one of 
st interesting and valuable addresses presented before the chapter 
ng time. Members of the local section of the American Society of 
nieal Engineers were also invited to this meeting. 
[he third meeting was held in the laboratory building of the 
rican Locomotive Company on Tuesday, November 16. The chemical 
| physical laboratories were thrown open for inspection for half an hour 
re the meeting. Full advantage was taken of this privilege. A mus- 
program furnished by the ‘‘Testing Trio’’, William Sebast, Arthur 
rel and our local secretary, James Taylor, began at 7:45. 
R. B. MeColl, manager of the Schenectady American Locomotive Com- 
plant, opened the meeting at 8:00 with an address of welcome to the 
rty-six members and guests present. Mr. Tom Nelson, consulting metal- 
cist for the Ludlum Steel Company, the speaker of the evening, was 


scheduled to speak on the new nitrogen hardening alloy steel ‘‘ Nitralloy’’ 


by request took up first the recent developments in stainless steels. 
\fter a discussion the talk on Nitralloy followed. This aroused 
nterest, and a second active discussion followed. 


intense 
A number of samples 
exhibition served as focusing points for part of the discussion. 

\ prize of a box of cigars was awarded to the member bringing the 
createst number of guests to the meeting. This was won by J. Hicks 
f the American Locomotive Company. M. F. Sayre. 
SYRACUSE CHAPTER 


Professor Essex of the department of physical chemistry of Syracuse 
versity and lecturer in the new night course in heat treatment and 
etallography of iron and steel spoke to the Syracuse Chapter of the American 
Society for Steel Treating at its regular meeting on November 9, at the 
mber of Commerce Building. The talk was on general metallography. 
[he speaker first discussed the two types of solids, amorphous and crystal- 
and exp!ained the conditions under which a substance in the amorphous 
liquid) changes to the crystalline state, the size of grain formed being 
tly proportional to the nuclei number and inversely proportional to the 
y of growth. He next discussed the effects of cold working on metals; 
nerease in elastic limit without increase of scratch hardness; distortion 
ng slip planes and not along cleavage planes; the breaking down of the 
rial between grains allowing fragments of adjacent grains to grow together 


rystallize at low temperatures; the material between grains cannot be 
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amorphous metal because, in the first place, amorphous metal has 
produced, and in the second place, the conditions are the opposite of 
the formation of amorphous metal; the material between the grains is 
a eutectic of impurity with the pure metal and it is to be expected 
eutectic would be extremely fine grained and hence tenacious. Th 
concluded his talk with a brief discussion of the formation of meta) 
and solid solutions, 
The talk was enjoyed by most of the audience in spite of the P: 
use Of such high hat language as ‘‘ heterogeneous catalysis’*, and the di 
that followed the talk were quite lively. 
The program committee headed by Carl Smith hrs announced the | 
speakers for the coming meetings. 
December 14, 1926—A. H. d’Arecambal of Pratt & Whitney on \] 
CUTTING TOOLS.’’ 
January 11, 1927—E, C. Bain of Union Carbide and Carbon Lab 
on ‘‘ APPLICATION of X-RAY to METALLOGRAPHY.’’ 
lebruary 8, 1927—J. V. Emmons of Cleveland Twist Drill on ‘‘ANNEA 
ING.’’ 
March 8, 1927—J. P. Gill of Vanadium Alloy Steel Company on ‘‘ HIGH 
SPEED STEEL.’’ 
April 12, 1927—IF’. C. Rabb of Brown Lipe Chapin on ‘‘ CARBURIZIN 
May 9, 1927—-Jerome Strauss of U. S. Navy Yard on ‘‘CORROSION 


S. P. Pesko 


\\ ish 

















TRI-CITY CHAPTER 





The October meeting of the Tri-City Chapter of the American Society 
for Steel Treating was held October 21, at the Davenport Chamber of Com 
merce. Between thirty-five and forty members and friends enjoyed dinne: 
and several good talks. 

G. A. Uhlmeyer, industrial engineer for the Peoples Power Company 
gave a talk on modern industrial heat treating equipment. The fuels o! 
the future for this work are undoubtedly gas and electricity. He pointed 
out the tendency of the modern furnace designer to insulate heavily and t 
apply continuous type furnaces where production methods will permit. This 
fact, together with automatic temperature control, conveyors for material, 
etc., reduces labor costs and the human element of chance in securing qual 
ity products. In other words a product of uniform high quality is produc: 
with greater ease than with older types of equipment. 

A. C. Schoessel, general superintendent of the Deere Harvester Plant 
East Moline, gave a talk covering his visits through the Pullman Works 
and the American Forge Company, both of Chicago. He pointed out that 
although some of the plants are very old, they still maintain their plac 
in the industrial world by the vse of modern equipment. 

The talk of the evening was given by Robert K. Barry of the Barry 
Manufacturing Company of Muscatine, Iowa. The product turned out by 
this plant consists of vario’.s complicated cutters, drills, hobbs, ete. Cou 
siderable of this equipmen: is being used at the button factories of Mus 
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or cutting, shaping and polishing buttons. Mr. Barry’s talk cov 
own and his associates’ experiences with various methods of con- 
heat treating operations. He pointed out that a two-compartment 
type gas furnace has given him the best results for heating 
eed steels. He favors a salt bath for quenching with subsequent 

in oil. 

Heat treating of steel is going through a transition at the present time. 
es past this work was more or less of an art. The quality of the 
depending entirely upon the skill of the operator. From an art, 
treating is fast becoming one of the exact sciences. The kind of 
tment being governed by the chemical composition of the steel. 
naces are becoming heating machines which regulate rate of heating, 
of heat, temperature, automatically charged and discharged, eliminating 

rely the human element. G. A, Uhlmeyer. 


WASHINGTON-BALTIMORE CHAPTER 


(he opening meeting for the 1926-1927 season (a joint meeting with the 
Washington Society of Engineers) was held in the Cosmos Club Assembly Hall 
n October 29. 

Dr. Wiliiam M. Guertler, Director of the Metall Institut of the Charlotten 

rg Polytechnik, Berlin, Germany, favored the meeting with a most interesting 

d instructive talk on the subject of ‘‘The Light Metal Alloys.’’ 

More than twenty members of the two societies assembled for dinner at 

Club prior to the meeting, and following dinner Dr. Guertler gave a short 
talk on his impression of American research. The first part of the speaker’s 
treatment of the light metals was devoted to the magnesium alloys. He re 
marked that until quite recently a great amount of magnesium chloride had 
been cast aside as waste, but a realization of its potential value caused Ger 
many to develop methods for producing magnesium from it. Later magnesium 
illoys were brought forth, the so-called ‘‘Electron’’ alloys being among the 
most important. He also pointed out that magnesium alloys had recently been 
developed which showed age-hardening characteristics similar to duralumin. At 
the present time many parts of German automobiles, aircraft and even experi 
mentally the wheels of heavy trucks are made of magnesium alloys. But these 
metals do not stand salt water attack. They must be protected from contact 
vith corroding media as is the case with many iron alloys. According to Dr. 
Guertler, magnesium alloys have a great future and. will at some later time be 
strong competitors of the aluminum alloys. 

These aluminum alloys were treated by the speaker from such a broad point 
view and such an abundance of data was presented that no attempt is here 
ide to present a detailed report. Dr. Guertler emphasized the high electrical 
nduetivity of aluminum and its alloys and mentioned that a committee of 
erman experts found that aluminum conductors stand up very well under serv 


conditions. The maximum electrical conductivity of cold-worked commercial 
minum (99%) is obtained when it is annealed at 240 degrees Cent.; this 
enomenon was found to be associated with the silicon content normally 


sent. Considerable conductivity data on commercial alwmninum-base alloys 
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were presented and strength-conductivity relationships considered. 
and its alloys were said to be employed extensively in Germany f 
equipment. Photographs were shown of a large electro-magnet fi 
scrap iron and of a portable electric drill which were made almo: 
of aluminum alloys, even including the windings. 

Aluminum resists fairly well corrosion by water, nitric acid and 
other solutions. Attention was called to the fact that there has b 












lished in Germany a Central Bureau for research and dissemination 
mation regarding aluminum and its alloys. Service results secured 
of these alloys in the chemical industries have been published and hav. 
in extended applications. 

A number of diagrams, charts and micrographs of various alumin 
were next explained. The importance of the intermetallic compounds 
results to be secured when considering them as components of binary 
complex systems, was pointed out. An Al-Zn-Mg super-duralumin allo 
a tensile strength of 90,000 pounds per square inch with 5 per cent e! 
when cold-worked, was mentioned. This alloy is the result of painstakir 






















of the equilibrium conditions in a great number of systems of which con 
are components. 

At the end of the talk a beautiful collection of single crystals wa; 
ited. 

In the course of the discussion many interesting subjects were dealt 
It was explained that: 


The so-called super-duralumin (Al-Mg-Zn) alloy is valuable onl; 

in the wrought condition. It is not a good casting alloy. 

2. There are now several duralumin-like alloys developed in Gern 
among which is an aluminum-zine-lithium alloy. 

3. Some of the oxide coatings formed on aluminum alloys by ch: 
attack work fairly satisfactorily. 

4. The mechanism of ‘‘modification’’ of Al-Si alloys (such as ir 
‘* Alpax’’ process) may be explained by undercooling. Some elements 
for example sodium, effect this undercooling and consequently prevent 
coarse grain formation. 

5. Welding of aluminum alloys is often unsatisfactory, as cold work and 
age-hardening effects are destroyed during this operation and the met 
therefore must be cold-worked or hardened again; even then the wi 
is much inferior to the adjacent metal. A process of hammer w 
ing of aluminum sheets involving novel processing methods, has met 
with considerable commercial success. 

6. Purification of magnesium (made by electrolysis of the chloride) is 
developed to such an extent that there are no traces of chlorin 
the product. 

7. Metallic beryllium has been experimented with to some degre¢ 

though brittle when containing impurities, it is ductile in the pure state. 












regard to the question of whether corrosion of duralumin may be 
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special heat treatment, the speaker remarked that, although such a 
was not known to him, he believed that methods of quenching should 


bearing on corrosion. 


the close of the meeting an enthusiastic rising vote of thanks was 


to Dr. Guertler. A. I. Krynitsky. 


CLEVELAND CHAPTER 


Friday, November 19, 1926, the Cleveland Chapter had a very interest 
practical address entitled ‘‘Steel Selection for Automotive Work as 
in the Ford Plants. ’’ 

subject was presented by Mr. J. L. MeCloud of the Central Metal 

Laboratory, Ford Motor Company, Dearborn, Michigan. 
fr. MeCloud showed an unusual amount of experience in his subject, and 
lly on the practical side of the subject. He handled the subject from 

vineering, metallurgical and practical point of view so that he could 
owed with great interest by all. 

lhe speaker discussed all of the steels used in the Ford Company, stating 

numbers, analyses and uses, showing that for certain parts material is held 

ithin 5 points of carbon. All material is inspected thoroughly and sorted. 

The heat treatment of their steels was thoroughly explained, and many 

me interested in some of their special treatments. 

The speaker covered this unusually large subject on his experiences and 
pplications of material to light automobiles, heavy expensive cars, tractors, 
ilroad stock and air craft in an excellent manner. 

\fter the address Mr. McCloud answered a number of questions, 

This meeting was held on the fourth floor of Carnegie Hall, 1220 Huron 

1d. 


About one hundred members and guests were in attendance, about twenty- 


five being present at the dinner at 6:30 p. m. at Bohanon & Haines restaurant 
the second floor of the same building. 


A. E. Buelow. 


DISCUSSION—-THE IRON-MOLYBDENUM SYSTEM 
a (Continued from Page 871) 
le met 


1 the we lagging effect in the unit parameter is due to the hysteresis effect in pure metal 


r to a separation of some constituent from the space lattice as it existed at 
ose Other temperatures. 


mer wi 


, has met 


| would like to know if Mr. Sykes has considered those problems? 

W. P. SYKEs: Just to answer that last question. These alloys have not been 
ected to the X-ray inspection during any stage of aging as yet. We ‘ope 
get to it eventually. So I cannot tell whether there is any change in the 
meter or not accompanying that aging and shrinkage. The only thing we 
be sure of or feel fairly sure of is that along with the shrinkage the 
mation and precipitation of the compound occurs, of course changing the 
lay be re e lattice to some extent. 
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Items of Interest 


«ii 


Saw university and the steel mills of the city of Syracuse have 

course in the metallurgy of iron and steel. This correlates t! 
practice and makes possible cooperative education. It is a great ad) 
both industry and education. Teachers and lecturers from the unive: 
from industry will comprise the teaching staff. 

The course will consist of four hours of laboratory work and a 
lecture per week for a period of 32 weeks. Especial attention will 
to the properties and composition of iron and steel, their methods 
facture and testing. 


R. J. Giblin, metallurgical engineer, Buick Motor Company, Flint 
gan, died November 17. He was a member of Detroit Chapter of this Socie: 
and one of the members of the Sub-Committee on the Carburizing of Sp 
Parts. 


I’, B. Foley has recently been made superintendent of the resex: 
department of the Midvale Company, Nicetown, Philadelphia. Hy 
formerly metallurgist of Lucey Manufacturing Corporation, Chattanoog 
Tenn. During the war he studied and wrote on the ‘‘flake’’ phenomen 
in gun steel. After the war he served in the capacity of metallurgist for | 
Bureau of Mines and still continues as a consulting metallurgist. Hi 
worked with the late Henry Marion Howe in conducting investigations of 
effect of variations in heating and cooling on the physical properties of 
bon steel. He also made wide survey of the treatment and handling ot 
steel. He is a member of many organizations whose chief purpos 
to further research along metallurgical lines. 

On November 17, the city of Newark fittingly observed the 138th 
versary of the birth of Seth Boyden, the discoverer of malleable iron a1 


man of great inventive genius. His outstanding achievements are enume! 


ated on a bronze tablet attached to the Boyden monument in Washing 
Park, Newark. This was unveiled by Norman Crawford, a_ great-gr 
grandson of Seth Boyden. Thus does posterity do honor to the men w! 
have made our present-day civilization possible. 


Announcement was made Nov. 9 that the Timken Roller Bearing | 
pany has obtained the order for the bearings for 127 railroad cars for t! 


af 


Chicago, Milwaukee and St. Paul Railroad. These cars will all be used 


the two crack trains of the railroad, one the Pioneer Limited, running b: 


—s 


tween Chicago and Minneapolis, and the other, the Olympian, running f: 
Chicago to Tacoma and Seattle. The equipment for the Olympian 
consist of 9 trains, one each day, each way. The equipment for the Pi 
Limited will consist of three trains. 


(Continued on Page 34 Adv. Sec.) 
























































ADVERTISING SECTION 


Employment Service Bureau 


is bureau is for all members of the Society. Want ads will be printed at 
lowing rates: minimum of 30 words $0.50; each additional word $0.02. 
is service is also for employers, whether members of the Society or not. 
for this service are as follows: minimum of 50 words $1.00; each additional 
7 ¢0.02. Fee must accompany copy. 





T +r sr 
—— lress answers care of AMERICAN SOCIETY FOR STEEL TREATING, 
Prospect Ave., Cleveland, unless otherwise stated. 
vl - 
——— 

PCSITIONS WANTED claim department Graduate from German college. 

One year’s experience, very best references. Address 
eas . : 9.95 
\ -GIST-CHEMIST, familiar with testing 12-25, 

, nent of automotive steels, gray iron, 

- n and steel foundry practice, metal- Tool hardener with ten years’ experience in hard- 
earch, construction of furnaces, with 9 ening of dies, reamers, broaches, punches, jigs, and 
nee and capable executive, wants re the heat treating of alloy steels would like position 
sition Address 11-5. with concern in Cleveland, Detroit or Pittsburgh. 

Address 12-30 
int, ) SHOP FOREMAN, practical and competent, 
3 n. Has had 22 years’ experience in POSITIONS OPEN 
us 8 f t + forgi ar ing sat treat- in i oe ai ate 
- | hammer a a + pe DISTRICT SALES MANAGER wanted; to be lo- 
ot Sn t SL aa a a ee coe cated in Philadelphia, to take care of that general 
ve ‘P ) 5S . . . “ 
ee a. ' district. Must be college graduate in metallurgy 
= ewe sa and have sales experience with tool steel concern. 
Age, approximately 30-35. Good salary assured to 
reseal af , ~_ ; experienced tool steel executive salesman. Communi- 
\LLURGIST AND CHEMIST desires change of- cate direct with Braeburn Alloy Steel Corporation, 
He Wis y t in exchange for 15 years of unusual Braeburn, Pa. 

atta) : xperience in the heat treatment of all 

as el and non-ferrous als. Familiar wi . i eo — ; , 
and e es — Pee saga Me SALES MANAGER—For Tool Steel Company, manu- 

2 \y , To¢ nre ) >» *¢ Ss . z » ss < o * . ’ 

net ‘Will consider connection in executive ce facturing high speed, alloy and carbon tool steel. 
li cons1aer ‘Oo ec Oo xecu 2 +. ; s a 2 . . ew Of 

. : : : . State age and experience. Address 12-5, 

st fol sales capacity. Married. Inquiries solic tate age a experience dress 12-5 

Hi Address 11-10. - 
ms of the hs, 7 WANTED—Tool steel salesman for New England 
ria nbaicia se : . > Tri 7, Salary : ’ ission. ‘ine i 
[NICAL GRADUATE, S. M., in Mechanical En- territory. alary and commiuission _ Fine opportunity 
es of : Tech- for young man having metallurgical training and 
; ¢ from the Massachusetts Institute of Tech us tock tks le Gene Addr 12-10 
tg” ° Ss > oO stee Si 6 2x > > ‘a ! »g Z- 

o of gy, Cambridge, with advanced training in the a — — caress . 

” it treatment and metallography of iron 

OSE desires sition in a plant or laboratory. es : ‘ 

19-15 a I 2 WANTED—Young men to become service experts and 
oe maintenance men for high grade mechanical and 
; electrical equipment as used in large industrial plants 

04} using the right kind of steel for your and factories in electrically controlling and recording 

SU ire you getting the results you expect temperature and pressure. Excellent opportunities 

‘on it treating? If not, consult one who has for promotion after thorough course of training in 

ful record in straightening out steel troubles. factory of large manufacturer of instruments and con- 

enume! 2 aa aol trollers. In applying describe mechanical ability, 
previous experience if any and education. Young 

ashingto1 rALLURGIST wants opening in either steel single men preferred who are free for quick transfers. 

eat-great tory or automobile plant research-—or Address 12-40. 

mel 















ides The Clearing House 


‘fer 2 For the Sale of Used Equipment 

r 1 time 2 times 3 times 4 times 
y used [RO ec saceslieeeete wees $ 4.50 $ 4.25 $ 4.20 $ 4.00 
ining Dd Rates per Insertion { 2Zinch ......eeeeeeeeeees 8.50 8.00 7.75 7.50 
AEs LD “csavtceeusvacenens 12.00 11.50 11.25 11.00 
ing f1 


There are 12 lines to an inch. A charge of 40 cents per line will be made for extra lines. 
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Oven Furnace for Sale 


1 Stewart, No. 10, Oven Furnace for Heat Treating, 
Annealing, and Carbonizing, used but a short time, 
in excellent condition. Price very reasonable. 
KOHLER DIE & SPECIALTY CO., DeKalb, Il. 
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The Chrome Alloy Tube Corporation announce the following 
in their organization. At the last meeting of the Board of Dire 
following officers were elected: President, J. T. Pratt; vice-preside: 


Bachman; vice-president, A. V. Farr; secretary-treasurer, L. C. Oy 













Mr. Bachman will continue his duties in charge of productio: 
plant at Newark, N. J. 

Mr. Farr recently resigned as sales manager of the Roland St: 
pany to take charge of sales of the Chrome Alloy Tube Corporati: 

The company also announces that headquarters have been mov: 
Broadway, New York City, from Newark, N. J., where they manut 
welded tubing of Enduro, Ascoloy, Delhi, Uniloy and other stainless 
They have successfully welded various alloys in tube form which | 


A 


have not been successfully produced on a commercial basis. 















The Braeburn Alloy Steel Corporation announces the election of 
McGraw Jr. as president, at their last meeting of the directors. Mr. M 
Graw has served as chairman of the board since the first of May 19: 

The product of this company is tool steel, including cobalt, tungst 
vanadium and straight carbon products. Mr. McGraw has served as s 
tary and director of the Standard Seamless Tube Company, at Ambr 
Pa., for the past twelve years; he was general manager of the Carbon St 
Company for two years. 





Woreester Chapter finds that the money which was appropriated to s 
port the metallurgical course given at the Y. M. C. A. will not need t 
used as the attendance is considerably more than was expected and 
course is paying for itself. 





‘‘An Illustrated Story’’ is the title of a pamphlet setting forth 
origin, progress, reward, and products of the William Ganschow Compa 
1017 West Washington Blvd. This was the first gear company in Chic 





the gear center of the world. Sent on request. 
















The Stanley P. Rockwell, 66 Trumbull Street, Hartford, Conn., has 
available Bulletin No. 2611 which pertains to the Rockwell Dilatomete: 
Volerit method of heat-treatment. This shows the comparison of methods 





of precision heat-treatment, and sets forth how the proper quenching poi 
is indicated automatically and without lag of indication. 










That American industry is more and more turning to applied science 
aid in solving its many and intricate technical problems is indicated in | 
annual report of George K. Burgess, Director of the Bureau of Standards, 
Department of Commerce, made public November 23, 1926. 

The Bureau of Standards, the report shows, maintains contact wit! 
dustry through approximately 80 advisory committees and through a larg 


number of ‘‘research associates’’ who are sent by industrial groups to 





on problems of interest to their respective industries. Results are quickl) 
applied by the industries concerned so that the public soon benefits from 



















ADVERTISING SECTION 


SCIMATCO 
OpricAL BENCH 


(Another Fisher Product) 


12-220 


For the examination and photography of the micro-structure 
of metals. 


2-220 Scimatco Optical Bench, is vibrationless and arranged for con- 


venient operation. The heavy I-beam bench, with leveling feet and 
two ground rails insures perfect alignment of the mounted parts. 

The new straight pillar microscope, with the mechanism for coarse 
and fine adjustment enclosed in the pillar, will support a cross-sec- 
tion of rail. The Illuminating Tube of the microscope has a holder 
for light filters, a diaphragm, and a photographic shutter. 

The equipment includes a condensing lens on a separate support, 
a hand-fed arc lamp with horizontal and vertical adjustment, and a 
special camera for plates 6%2x8%. inches, 5x7 inches, and 4x5 inches. 

Price: equipment as shown and described, without objectives, eye- 
pieces, or rheostat. $600.00 


Range of magnification from 28 to 3168 diameters. 





For a complete description of the Scimatco Optical Bench and Accessories see 
pages 436 and 437 of the new Fisher Catalogue. 
Has your laboratory a copy? 


ience ft 
in 


ards, 


vith 


FISHER Screntiric Company 


LABORATORY SUPPLIES 


quickly 


om im PITTSBURGH, PA.US.A. 


When writing to The Fisher Scientific Co., please mention TRANSACTIONS 
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proved processes. During the fiscal year 1925-26 there were 62 of 
ciates at the bureau, representing 36 separate industries. 
Nearly 180,000 tests having a fee value of $675,046, the report 


were completed by the bureau during the year. 


1) 
The character an 
these tests spanned the province of applied science from sugar to cen 








thermometers and pyrometers to paints and varnishes, and from 
graphy to studies in city planning. 


ael 





In addition to a vast amount of 
and specification work for various Government departments, specifi 








work covering 40 projects was performed for 15 Government establish: 

The work in the field of simplified practice was actively carried 
report shows forty-five simplified practice recommendations have been 
by industries, resulting in great savings in the production of articles in 











use, 





This is one of the most important ways it is pointed out in whic! 





dustry can effect immediate economies, and the demand for publicat 





this work is evidence of the interest manufacturers are showing in it 





The work on building and housing produced some important resu 
standard building code, submitted for general adoption, was drawn 
special committee. 








A report was issued on the important subject of city 
ning and zoning, containing a list of 436 municipalities which have ad 
zoning ordinances. 

















Among the outstanding research undertakings of the bureau dur 
year was that in connection with increasing the wearing quality of om 


eurrency. 








By introducing certain changes in the manufacturing process 
paper was developed which it is believed will increase the life of bills by 
fifty per cent. 











A blue glass was developed for protecting the eyes of furnace wo! 
which gives a good contrast between the appearance of the furnace walls 
the melt and yet cuts out the dangerous ultraviolet radiation. The car 
used in making maps from airplanes was improved by introducing a plat: 
glass between the lens and film which eliminates distortion of the pictur 
reduces by one half of the flying time required for this work. 

In the radio field, the report shows, the bureau has continued its st 
The ] 
oscillator, which employs a quartz plate possessing a definite mechanical 
quency of vibration, has been developed as a practical and successful d 
for holding transmitting stations exactly on their assigned wave lengt 
Standard frequency signals have been transmitted from the bureau’s stat 
and the station at Stanford University, California, which have proved 
useful in standardizing radio apparatus all over the country. 
tion finder was developed and installed on Coast Guard patrol boats, w 
could easily be added to the existing radio equipment. 























of ways for reducing interference between broadcasting stations. 





























Many important investigations were made at the bureau of the stre! 
of building materials, including a program of 30 tests on brick walls i 








10-million 











columns. 


pound 


compression testing machine, and other tests on 


Fire tests were made on many types of walls, of theater c 





} 


y+ 


il 


A special dir 
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and of sheet metal garages. 
In concluding his report, Dr. Burgess points out the important needs 
the bureau during the current year. These include adequate support fo! 
test work, and an appropriation for a new power plant, authority for the 
struction of which was granted at the last session of Congress. 




































ADVERTISING SECTION 


FOR THOSE WHO DEMAND THE BEST 
IN THEIR FINISHED PRODUCT 


: SIMONDS STEEL 
7 Toot STEEL 
3 by 


MAGNET STEEL 


SprciAL ANALYSIS STEEL 


—" SHEETS 
ful dev | BARS 


e leng 

Silas oO 

site in th SIMONDS STEEL MILLS 
on 8 

=e Lockport, New York 

t needs 

ort for t 

or the 


When writing to Simonds Steel Mills, please mention TRANSACTIONS 
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J. H. G. Monypenny, Sheffield, England, in his book entitled 
Iron and Steel’’ gives an interesting and comprehensive history of 
opment of these products. 

Stainless steel became known to the world in 1914 and was first 
the manufacture of table cutlery. It now has many and var 
eations in the engineering field. Beginning with perhaps 
distinet set of known properties it now has developed into a series 
capable of being used for all sorts of purposes. The author sets f 
valuable contributions made by Harry Brearley in the field of stain 
and steel. Much of the special stainless steel made now is manufact 
cording to the specifications made by the inventor in 1915. Most of t] 
opment along the production of stainless iron and steel since that ti 
been along the lines of standardizing types of the steel especially as 
carbon content. The writer is of the opinion that the composition of 
steel should be entirely determined by the ultimate use to which it is to 
The distinguishing property of resistance to corrosion is primarily 
about by the addition of chromium to ordinary steel and the author 
an entire chapter of his book to the influence of chromium on the st 
und hardness of steel. He feels that the development of the sci 
metallography has aided quite materially in the development of steels. 

Special attention is given to the composition, making, working and 
ment of stainless steel; to its mechanical and physical properties; resist 
corrosion; the effects of various acids; atmosphere; river, sea, well, t: 
sea water; chemicals such as chlorides and sulphates, etc. 


Stainless steel seems in Mr. Monypenny’s opinion to be a highly 


ized commodity and in his consideration of special stainless steels he 


this much stress and says that while raising the chromium content to say 16 
even 20 per cent makes steel resistive to severely corrosive conditions, 
unless high in carbon content, they have no capacity for hardening. Her 
the necessity for considering the non-corrosive requirements and the best 
combination of physical properties. For cutlery it must be capable of « 

ing a sharp edge as well as resistant to corrosion and yet it must be 
certain extent pliable—‘‘springy.’’ In surgical instruments it must be ca} 

of being sterilized with various disinfectants. In valves for aeroplane engines 
and internal combustion engines high temperatures must be given consideratio1 
and play an important role in the determination of the composition of 1 
stainless steel from which they are made. 

The author says that the year 1925 was a notable one in the enginee! 
world and it was the centenary of the railway and he devotes considerab! 
space to the opportunities afforded for testing the properties of stainless ste 
in the modern locomotive. 

In the closing chapter of the book entitled ‘‘Some Applications of St 
less Steel’’ the author indicates that since 1919 considerable progress has be 
made in the manufacture of stainless steel and how it is benefiting h 
progress. 

The appendix contains the texts of the Canadian and United Stat 
patents for the manufacture of stainless steel. 

The subject matter is illustrated by the incorporation of photomicrogr 
and tables and graphs add to its concreteness. 
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The Iron-Molybdenum System— W. P. Sykes 


A Rapid Methed for the Heat Treatment of the Aluminum- 
Copper-Nickel-Magnesium (Piston) Alloy—Samuel Daniels 


The Nature of Oil Hardening Non-Deforming Tool Steels— 
E. C. Bain and M. A. Grossmann 


Aluminum Bronze—An Acid Resisting Material—W. M. Corse 


Desulphurization— E. J. Lowry 


An Efficient Carburizing Furnace of the Surface Combustion 
Type— A..B. White and E. R. McPherson 


Cyanide Brittleness— V. E. Hiliman and E. D. Clarke 


Graphitization at Constant Temperature Below the Critical 
Point— H. A. Schwartz and H. H. Johnson 


Facts and Principles Concerning Steel and Heat Treatment— 
Part X— H. B. Knowlton 


ITY YY yyryyrrrrrrrr rrr 
TUITTTTTTTTTOTIITTTTICTIOTTIVTTTUN TOU OCC 
See 


TITTTITITIT rr 
MMMM TTL OC CELL 
a eeninsiieeeneianemaiipeeanl 


















HOLCROFT 
Two Steps Ahead Again 





Ist Continuous Gas Fired Carbo- 
nizing Furnace Counter-Flow Type 


2nd Continuous Gas Fired Forging 
Furnace 


THREE MORE ORDERED | | 
After Experimental Furnace proved _ |i | 


a Success 


YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION 


Wishing You cA Merry Xmas 
and cA Happy New Year. 


HOLCROFT & COMPANY 


6545 EPWORTH BLVD. DETROIT, MICHIGAN 
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ADVERTISING SECTION 


Your 


Experience In 
Hardening 
Steel 


HINK what it would mean to 
Hump-Chart your experience in 
hardening dies—or other tools or parts. 


One tool performs five times, or ten 
times, as longas the average. Suppose 
you had a Hump chart of this excep- 
tional piece. You could then repeat 
this heat treatment at will. You 

THE HOMO METHOO é — ; aes 7 ee ak 

ws -| could raise your average life to the 
ORAWING OF STEEL \ ; " - < = 

ae 1} exceptional life of the unusual piece. 

The savings are tremendous. The 
method is simple. ‘The investment can 
be charged off quickly. Investigate 
the Hump Method. It is worth in- 
vestigation. 


Think What It 
Would Save You! 





Write For 
The Facts— Now. Catalog 90-S 
The Hump 


LEEDS & NORTHRUP COMPANY Method for 
4901 STENTON AVENUE, PHILADELPHIA Heat Tr a 
of Stee 
Catalog 93-S 
The Homo 
Method for 
the Drawing 
Chicago, III. Los Angeles, Calif of Steel 
San Francisco. Calif. Cleveland, Ohio 








When writing to Leeds & Northrup Company, please mention TRANSACTIONS 
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ASCOLOY 


STAINLESS IRON 


BILLETS 
SHEETS 
BARS 
PLATES 
TUBES 
WIRE 
RIVETS 
BOLTS & NUTS 
FORGINGS 
CASTINGS 


ALLEGHENY STEEL Co. 


Brackenridge, Pa. 


New York — _ Detroit — Chicago — Milwaukee 





When writing to Allegheny Steel Co., please mention TRANSACTIONS 
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One of the electric annealing furnaces used in heat treating Bethlehem Tool Stee 


Bethlehem Tool Steels 
—serve every purpose 


ACH grade of Bethlehem Tool Steel is manufactured 
to do a specific work, and to do that work unfailingly. 
Bethlehem Tool Steels are thoroughly tested and tried 

in our own machine shops, mills, foundries and mines where 
their performance qualities are continually checked, thus 
assuring that they will serve the purpose for which they are 
intended. 

Bethlehem Tool Steels are supplied properly heat 
treated for easy working. One of our Tool Steel experts 
will gladly demonstrate the most effective treatment 
applicable to your work. 


BETHLEHEM STEEL COMPANY, ~ General Offices: BETHLEHEM, PA. 
DISTRICT OFFICES: 


New York Boston Philadelphia Baltimore Washington Atlanta Pittsburgh  Buffa!l 
Cleveland Detroit Cincinnati Chicago St. Louis San Francisco Los Angeles Seattle Portland 


Bethlehem Steel Export Corporation, 25 Broadway, New York City 
Sole Exporter of Our Commercial Products 


BETHLEHEM 


When writing to Bethlehem Steel Company, please mention TRANSACTIONS 





ADVERTISING SECTION 


A New Heat Treating 


Economy 


OHNITE case hardening com- 
pound has proved in plant after 
plant to be a definite factor of econ- 
omy. Big automobile and truck com- 
panies and others use it. 


NON-CASE 

non-carburizing 
ST ee aa Besides remarkable economy there is 
ed. Special offer absolute unformity. Your production 
"ete a cee remains absolutely the same day in 
sfied. and day out. 


These are demonstratable factors, 
abundantly proved by fifteen years’ 
outstanding performances. Write 
and let us present proof. 





D\ Sy THE 
ayy. Wo CASE HARDENING 
ied = =©6SERVICE COMPANY 


here 
thus 


ured 


2282 Scranton Rd. 


y are Cleveland, Ohio 


heat 
perts 
ment 


M, PA. 


Bu ffal 
Portland 


is When writing to Case Hardening Service Co., please mention TRANSACTIONS 
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Me 
, ! 
—d 
Let 
> 1E W 
By the President of On n 
cht fron 
. fF. HOUGHTON & CO. ongsid 
p the pr 
e hea 
oo VIM Leather Department has been complaining because thee most 
are charged with a portion of the cost of this space and we rarelf™mear, Me 
mention VIM Leather, or VIM Leather Products, in these Talk@ggats. In 
Gilbert & Sullivan immortalized the saying, “A policeman’s life is ,qgadizing 
a happy one,” but a policeman has a cinch compared with an advertisin 
We 


manager who tries to equitably apportion his advertising efforts amon 
several departments. 3 
ess They 


ill in OO 


VIM Leather is the toughest and most durable, flexible fabr 
hich VI) 


made. This is because it is made from the heaviest and toughest hide 
procurable in quantities, by a process that will preserve 100% of ¢ 
original fibers of the hide, plus the fact that the finished leather is a no 
oxidizable material. 


VIM 


st quali 











bd with 

VIM Leather is neither new nor experimental, and is unique ma 

the fact that it is not the invention of the HOUGHTON RESEARCH ™ 

STAFF. It was invented by the inventor of VICI KID, the late Ho pony 

Robert H. Foerderer, unquestionably the most successful tanner of Mi yy) 

times, and the owner of the most extensive tannery of his time. Mins wh 

Foerderer was a man of the highest intelligence, and he appreciated tj qg° ¢;, 
capabilities of the HOUGHTON RESEARCH  STAFI, , 

OO f 


for that reason he collaborated with it for the purpose of ascertaint 
the detailed requirements of the industries in mechanical leathers, > 
the HOUGHTON RESEARCH STAFF, during Mr. Foerderer’s lif 
had nothing to do with the actual manufacture of VIM Leather. 





— + 


When writing to E. F. Houghton & Co., please mention TRANSACTIONS 


ADVERTISING SECTION 


to supply Mr. Foerderer with information as to what was 
f the leather. 


Members of the Society will, therefore, appreciate that we are 


wavs most willing to give credit where credit is due. 


Let me give you a common sense illustration of just what VIM 
eather will do. 


cht from docks, but more particularly to protect it from boats coming 
ongside. We carry a 24 foot bank or fishing skiff and it is made fast 
the port side most of the time. The ordinary fenders are composed 
the heaviest canvas, filled with cork. Two fenders are kept over the 
Je most of the time, and usually last 30 days before showing signs of 
ear, meaning before bursting and spilling the granulated cork con 
nts. In addition to the pressure the fenders are subjected to the 
idizing effect of salt water. 


We had the VIM Leather Shop substitute VIM Leather for 
nvas as a covering for four of these fenders, and at time of going to 


ess they have lasted longer than 24 of the canvas fenders, and are 


exible fabmpll in good condition. This is one of the most severe practical tests to 


suchest hidgguch VIM Leather has ever been subjected. 


OO of tl , ° : ‘ - 
VIM Leather Belting has for some time been the leading board of 


st quality leather belting on the market; VIM Leather Packings are 
ld with the guarantee of at least twice the wear as compared with any 


ther is a no 


oe her make. VIM Leather for all sorts of strapping; for deadening 
. I que = t 


2ESE ARCHES in automobiles; for washers, etc., will show corresponding 
he late Hot Vantages. 


tanner of 4 


VIM Leather is a direct substitute for rubber and canvas combina- 
s time. M ons, Wheresoever the temperatures of service are below 212° Fahr. 
preciated tH 00° Cent.) 

TAFF, 

f ascertainir So that’s that. 


leathers, } Yours fraternally, 


>. ke 


>rderer’s : . ¢ INTE 
erderer’s Cuas. E. CARPENTER, 


f 
Leather. | President of E. F. Houghton & Co. 


NS When writing to E. F. Houghton & Co., please mention TRANSACTIONS 
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For Definite Control pees 


Over 
lepends Uf 


Heat Treating Operations sin to his 


by train OF 
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than evel 


RISTOL Automatic Tempera Con Because 
trollers provide that nicety of contro] gspi2 0" @ 


power W h 





important in the heat treatment of high grad’ ve on | 
articles. They can be depended upon ¢ Alloy Stec 
continuously repeat conditions best suited t 
your work. There is little or no loss fro, 
spoiled work and invariably there is econom 


in fuel consumption. 


Let us cooperate with you in the bettermer 
of your product by selecting controlling an 
recording instruments that will suit yo 


process exactly. 


he Bristol Company “Waterbury, Connecticu 
PUFOR SS YEARS HY a cenhtcal | We 
SS oe 


BRISTOL S 

















RECORDING — 
~INSTRUMENTS 





BRANCH OFFICES: 


Boston Detroit 
New York Chicago 
Philadelphia St. Louis 
Pittsburgh Denver 


Birmingham San Francisco 





When writing to The Bristol Company, please mention TRANSACTIONS 


ry, Ci 


nnecticul 


ADVERTISING 


SECTION 9 


- —== FB 


Alloy Steels Speed the World’s Progress 


rmer’s automobile takes him to 
c—and back—in the time it 
ike Old Dobbin to get to the 
ring-trough. The city dweller 
pon trolley, tube or “L’’ to get 
Lis ‘a ay’s work. Goodsare moved 
truck more quickly and surely 
than evel before. 
Because flawless mechanisms turn and 
spin on tt reaches or highways—delivering 
; when and as wanted —travelers 
| time and as promptly depart. 
Alloy Steels have made dependable trans- 
portation a reality. For stress members 
ving parts of vehicles of every 


Th 


used CO 
pst W al 
depends Uf 
him to! 
by train 


pow er \ 


arrive VU 


Producers of INCO Nickel 


kind, engineers have recommended vari- 
ous types of Alloy Steel. To meet the 
need for a material that is strong but 
light, tough but elastic, adaptable to the 
many different requirements, these metal- 
lurgists have chosen Alloy Steel. 

With from 25% to 100% greater loading 
capacity than carbon steels, and with more 
hardness and strength per unit of cross-section, 
Alloy Steels have a shock resistance that is re- 
markable. They endure where other metals fail. 

Alloy Steels are necessary to the engineering 
plans ofindustry,everywhere. They will fit into 
YOUR plans. Why not let our engineers tell 
you how and where Alloy Steel can help i in the 


solution of your metal problems? Our labor- 
atory facilities are at your disposal. 


In the famous Mack trucks 
made by The International 
Motor Company of New York, 
Nickel-bearing Steels have been 
used for such vital parts as: 
frames; axles; steering knuck- 
les, arms, pins, worms, and 
gears; spring clips; cam 
shafts, and rollers; 
ransmission ,duferen- 

tial, and dowble re- 

duction gears; jack 

shafts, and rear 

> axledrive shafts. 


This folder for permanently 
filing Nickel Steel dataw nll be 
‘sent free on request. Write for 
it today, mentioning this 
periodical, 


in all commercial forms 


THE INTERNATIONAL NICKEL COMPANY, 67 WALL STREET, NEW YORK rN 


When writing to The International Nickel Company, 


please mention TRANSACTIONS 
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» Main Plant of United Divyis;o, 


Canton, | 


South Plant of United Division, Canton, Ohio 


Two Sources of Supplyfioy 


Agathon 
Alloy Steels 
In Daily Production 


Nickel, Chrome-Nickel 
UMA, Molybdenum 
Chrome - Molybdenum 
Nickel- Molybdenum 
Vanadium, Chrome- 
Vanadium, Chrom- 
ium, etc. 
Deliveries in Blooms, 
Billets, Slabs, Hot 
Rolled, Heat Treated, 
and Cold Drawn Bars. 


GS) tj ~\ Sy 
f ‘ S y 


HE CENTRAL ALLOY STEEL 
CORPORATION combines two dis- 
tinct and completely self-contained steel 
plants with facilities so complete as to 
constitute virtually two sources of supply. 


No other organization is so thoroughly 
equipped with metallurgical ability for 
scientific research and for the actual su- 
pervision of high quality production. 

The Central Division, at Massillon, Ohio, 
has a blast furnace of 800 tons daily ca- 
pacity, which will be served by a 49-oven 
by-product coke plant. Melting and roll- 
ing capacity for a yearly production of 
400,000 tons of alloy steel blooms, billets, 
bars, etc., 100,000 tons of hot-rolled strip 
for automobile frames, brake drums and all 
heavy stampings, and 70,000 tons of spe- 
cial finish sheets make this one of the most 


9 & 


When writing to Central-Alloy Steel Co., please mention TRANSACTIONS 





(com 


impo: 

Th 
has a 
pacit’ 
coke 
and s 
is 52( 
equif 
steels 
comn 
galve 
tons 


The 
tion n 
before 
to the 


Ce 


CLEV] 
SYRUt 


f 


ADVERTISING SECTION 


>pl¥itrom Ore to Finished Steel 


TEEL er . ; 

on din. important units in the special steelindustry. 

ie ahead The United Division, at Canton, Ohio, 

has a blast furnace of 650 tons daily ca- 

pacity, served by a 47-oven by-product Other 

coke plant. The capacity for alloy, carbon Agathon 

and special steel blooms, billets, bars, etc., 

is 520,000 tons per year. Electric furnace Products 
equipment provides 50,000 tons of electric High Finish Sheets 
steels annually, while the capacity in both ine Amnesia’ Gente 
common and special finish sheets, black, Black Sheets 
galvanized, terne-coated, etc., is 280,000 Galvanized Sheets 
tons per year. Terne-coated Sheets 
ad roll- The combined facilities of this great organiza- Hot Rolled Strips 
tion of tion make possible to a greater degree than ever Toncan Metal 


billets, before a highly efficient and well-rounded service 
d strip to the user of alloy steels and sheets. 


> aS to 
supply. 
oughly 
ity for 
ual su- 
ion. 

1, Ohio, 
lily ca- 
9-oven 


Enduro Stainless 


and all 


Central Alloy Steel Corporation 
of spe- Massillon, Ohio 

le most CLEVELAND DETROIT CHICAGO NEW YORK 
SYRUCUSE PHILADELPHIA LOS ANGELES TULSA 


SUEEL 


i Ee ee | 


When writing to Central-Alloy Steel Co., please mention TRANSACTIONS 
























Char Carburizing 
Compounds 


are characterized by 


Low Shrinkage: 
because they are pre- 


shrunk in processing. 


Low Dusting Loss: 
because each particle 
has a protective coating 
of dense, pure carbon. 


Constant Activity: 


—with small amounts of 
new added—because the 
protective coating pre- 


vents loss of energizer. 


TRANSACTIONS OF THE 


CHAR 
Carburizing Compounds 


When writing to The Char Products Company please mention TRANSACTIONS 





A. S. 8. T. 





—for Clean, Reliable and 


Economical Carburizing 


HAR Carburizing Com 

pounds are designed for a 

clean, reliable and economical 
carburizing practice. 


And the experiences of a cou 
stantly growing number of 
well-known users substantiate 
our claim for superior per 
formance in each of these 1 
spects. 


May we send you particulars 
—and samples? 


CHAR PRODUCTS CoO. 


1616 MERCHANTS BANK BUILDING 
INDIANAPOLIS, INDIANA 


ADVERTISING SECTION 


Volume Production and Controlled Costs Demand 
The Best in Furnace Construction and Design. 


HE definite economies and increased production possible with 
Hagan Equipment is the reason for the unequaled popularity 
of Hagan Furnaces. G We will be glad to consult with you. 


GEORGE J. HAGAN COMPANY 
Chamber of Commerce Bldg. 


Pittsburgh, Penna. 


A Standard Hagan C72 


Heat Treating Furnace 
Built for the Keystone 
Driller Co., Beaver 
Falls, Penna. 


Car Type Annealing 
Furnace 

Built for the Otis Ele- 

vator Company, Buff- 

alo, N. Y. 


When writing to George J. Hagan Co., please mention TRANSACTIONS 

















TRANSACTIONS OF THE A. 8. 8. T. 


Critical Buyers 


specify Timken Steel—for 


critical parts of their products. 


The Timken Steel Mills will 


produce steel, to your speci- 





fications, on a basis which 
makes it no longer necessary 


to tolerate lesser steels. 


Talk to a Timken steel man. 





THE TFTIiMii ten BOLL SER 
BEARING CO., CANTON, OHIO 


‘Timken Steel 


When writing to The Timken Roller Bearing Co., please mention TRANSACTIONS 


ADVERTISING SECTION 


Nichromne 
YW 
Pagh Tem ek i 


Industrial Electric Heat has 
received its needed impetus 
*Floor plates made of through “Nichrome” IV. 
“Nichrome,” the Castings For the purpose of converting 
of Proven Performance. electric energy into heat—‘Nich- 
rome” [V—the supernickelchrome 
wire, has no parallel. 


DRIVER~HARRIS COMPANY 
HARRISON, NEw JERSEY 


Chicago - Detroit - Morristown, N. J.- France Italy 


When writing to Driver-Harris Co., please mention TRANSACTIONS 
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ILSON MAEULEN (OMPA ©. 


When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


AT TREATMENT OF STEEL 


The PROBLEM 
of Automatic Control 
of Temperature 


E application of Automatic Temperature Control in 


NUM" ZON<V 


dustrial Heating is not alone a matter of automatically 
g and closing switches or fuel valves in response to 


TITLE TLD (1 
rature changes, for many other factors are involved. “capo 


utomatic temperature control should not be interpreted 


y as automatic control of good furnace output, for in 
cases furnace atmosphere, the time element on heating, oe ws 
uel uniformity and constancy enter largely into the 


ith various factors that must be solved as individual 


ms on each application of automatic control, it becomes 
ularly important to employ pyrometric control equip- 
that is positive and dependable, sensitive and accurate, 
tno complications be added. 


he Wilson-Maeulen Controller will hold down its end 
tyour attention may concentrate upon the factors that 
nto the special features of your own par- 

heating job. 


MPA (. NEW YORK 


When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 


379 CoNCcORD AVE. 





TRANSACTIONS OF THE A. 8. 8. T. 


18" high 14" wide 10%" deep 
Big —— Rugged Accurate 


PYROMETER RECORDER § [ 


Fit for any service 
Send for Bulletin 28 


Charles Engelhard, Inc. 


30 Church St., New York -—— Newark, N. J. 





When writing to Charles Engelhard, Inc., please mention TRANSACTIONS 
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NON-DEFORMING OIL HARDENING 


N Alloy Tool Steel, not newly developed, but 
improved upon since first introduced to the 
trade over ten years ago. 


The present DIAMOND BRAND 1s the STEEL. 
in many shops where production is demanded, where 
a Tool Steel must make good. Tools and Dies 
machined from this steel are making record runs— 
for instance—COLD ROLLING THREADS ON 
MORE THAN 1,600,000 34” STOVE BOLTS 
WITHOUT REDRESSING DIES. This report 
is only one of the many similar. 

DIAMOND BRAND is especially recommended 
tor 

COLD ROLL THREADING, 
TRIMMING AND 
BLANKING DIES 


and for all intricate cutting tools where NON-DE- 
FORMATION is essential. 


THE MIDVALE COMPANY 
NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 


NEW YORK WASHINGTON CHICAGO PITTSBURGH 
CLEVELAND SAN FRANCISCO 


When writing to The Midvale Company please mention 'TRANSACTIONS 
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Your Confidence 


is well placed when relying on 


CHEMICALS 
SERVICE’ 
for SURFACE HARDENING and 
HEAT TREATMENT of STEEL 





We are Headquarters for all Cyanide Com- 
pounds used in this line, including 
specially prepared mixtures 
of various strengths 








“G 


oe / 
Reg. U. S. Pat. Off. of less 


CYANEGG (Sodium Cyanide 96/98%) Talk t 
Equivalent in strength to 128/130% KCN 


Cyanide Chloride Mix- | I 
ture 73/76% 

Special Case Hardening > granular or lumps 299 B 
Mixture 45% NEW 


R & H Case Hardener 


Send for our booklet giving comprehensive data, and put your 
problems up to our technical staff for solution. 


“We | 
ROESSLER GHASSLACHER CHEMICAL. 


709 Sixth Avenue New York 





SSS 


When writing to The Roessler & Hasslacher Chemical Co,, please mention TRANSACTIONS 


it your 


L© 


> York 


ACTIONS 


ADVERTISING SECTION 





The Choice of '77 Railroads 


oe railroads will not tolerate rust. Their range of applica- 

tion of NO-OX-ID is practically as wide as their uses for iron and 
steel. Can you afford to tolerate rust or to experiment with materials 
f less proven excellence than NO-OX-ID? What is your rust problem? 
Talk this over with your Dearborn salesman or write us. 


Dearborn Chemical Company 


299 Broadway 310 So. Michigan Ave. 
NEW YORK CHICAGO 
Offices in all Principal Cities 


NO ID 
IRON :RUST 


TRADE MARK 


The Original Rust Preventive 


When writing to Dearborn Chemical Co., please mention TRANSACTIONS 








TRANSACTIONS OF THE A. 8S. 8. T. De 


AMERICAN SOCIETY for STEEL TREATING 





The object of the Society shall be to promote the arts and sciences connected with « 
the manufacture or treatment of metals, or both.—Constitution A. S. S. T., Art 


FOUNDER MEMBERS 


THEODORE E. BARKER ARTHUR G. HENRY WILLIAM P. Wor 
Oak Park, [I]. Chicago Detroit 










HONORARY MEMBERS 
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Dr. ALBERT E. WHITE 
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RULES GOVERNING THE AWARD OF THE HENRY MARION HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established a 
fund to be known as the Henry Marion Howe Medal Furd, the proceeds of which shall be 
used annually te award a gold medal to be known as the Henry Marion Howe Medal 
The award will be made as follows: 

(1) The medal will be awarded to the author of the paper which shall be judged to 
be of the highest merit. All papers in order to be considered must be published originally 
in the TRANSACTIONS of the Society during the twelve months ending August lst of the 
year in which the medal is awarded. 

(2) The competition for the Henry Marion Howe Medal shall be open to all 
(3) The award shall be made by the Board of Directors. 
(4) The award may be withheld at the discretion of the Board of Directors. 

















SUSTAINING MEMBERS 
The following firms and individuals, because of exceptional interest in 
the work of the Society, have contributed not less than $25.00 
each year for the promotion of its objects 





NATIONAL 
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COLUMBIA TOOL STEEL CO., Arthur T. Clarage, President.......... Chicago Heights, | 
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BOSTON CHAPTER 


AMERICAN METALLURGICAL CORP., K. A. Juthe, President.............0.ee0:: Bostor 
ATLAS STEEL CORP., H. J. West, Vice-President and Dist. Mgr. 
BLAKE AND KNOWLES WORKS dg 
CRUCIBLE STEEL COMPANY OF AMERICA, H. L. Raynor, Branch Manager....... Bost 

EDISON ELECTRIC ILLUMINATING CO., J. L. Faden, Industrial Heating Eng...... Bostor 
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ADVERTISING SECTION 


BOSTON CHAPTER (Continued) 


ANS STEEL CO., H. OS 
NERAL ALLOYS CO os prereset South Boston 
ZrAY & DAVIS., INC., G. J. Lang, Vice-President...... Pee eee see oe eee 
\RTEL BROTHERS & CO - _.. Boston 
{WKRIDGE BROTHERS CoO., L. . Hawkridge, Vice-President at, . Boston 
\UGHTON & RICHARDS, INC., George A Mahoney, Treasurer.. aa 


Boston 
LORD ELECTRIC , Boston 
“4cDONALD CO., P. F., P. F. McDonald, . —— oo 0045 cOSROR 
,NDERSON CO., E. P., R. H. Anderson, Treasurer...... ak Boston 
-IMONT MFG. CO., Charles C. Ely, Treasurer. piece ; : ve ...-Boston 
NION DRAWN STEEL CO., J. E. oe : oe .....Boston 
NITED SHOE MACHINERY CORPORATION ie aé ee eee . Beverly, Mass. 
AT.Wwomrm Comranen, BF. H. Cole... .ccvcees raieteews F 2 ..South Boston 
WARD’S SONS CO., EDGAR T — gi p Maia Boston 
THERELL BROTHERS CO eae ots ; eee e o OBtON 
WHEELOCK, LOVEJOY AND CO., : 


pda itcldte ain Cambridge 
RBACH STEEL CoO., L. E., L. E. Zurbach, President. . ; ...-Boston 


CHICAGO CHAPTER 

CURATE STEEL TREATING CO., T. E. Barker, President....... soe cece sOnCago 
ETNA BALL BEARING MFG. CO., G. W. Nordstrum......... . Chicago 
ALLEN STEEL CO., INC., EDGAR, George R. Bennett an oo 6 0.6 4:04. oe 
ATLAS FORGING CO., John T. Georgeson, Pr coihans a icero, lll 
ATLAS STEEL CORP., Harry Hardwicke, Vice-President ck os. we 
CHICAGO NIPPLE MFG. CO., Walter McBroom, Treas eres .....Chicago 
COLONIAL STEEL CoO., H. M. Bray, Dist. Mgr ata Chicago 
COLUMBIA. TOoGL Stanu CO.. BE. H. Passmore, Mer... nn cccccccccacces ....Chicago 
DANLY MACHINE SPECIALTIES, INC., Philo H. Danly, Vice-Pres.. er 
GOSS PRINTING PRESS CO., M. W. Brueshaber, 2nd Vice-Pres.... .....eChicago 
INGALLS-SHEPARD DIVISION OF WYMAN & GORDON CO ..Harvey, Il 
INTERNATIONAL HARVESTER CO i rb ta8 ce Rais Ness GE 
INTERSTATE IRON & STEEL CO., W. J. MackKenzie...... wis wea 
KLOSTER STEEL CORPORATION, Einar Lindeblad. ss hea ive > ae 
LINDBERG STEEL TREATING CoO., A. N. Lindberg, Pres Salat alata oneee ses sQnneD 
LUDLUM STEEL CoO., P. E. Floyd, Dist. Mgr Chicago 
McGILL METAL CO., Frank R. Schubert, Vice-Pres..,.......... oe Valparaiso, Ind. 
METAL LUBRICANTS Chicago 
PERFECTION TOOL HARDENING eet hatha Chicago 
VANADIUM ALLOYS STEEL CO., W. R. Mau, Dist. Mgr............. 


Chicago 
WESTERN CLOCK CO., J. A. Reinhardt, Met Salle, I] 


Ago 


CINCINNATI CHAPTER 

AHRENS-FOX FIRE ENGINE CO . .Cincinnati 
ALLIS-CHALMERS MANUFACTURING C cov eee «ets OROMRES 
AMERICAN ROLLING MILL CO Middletown, O. 
ANDREWS STEEL PG atalnniere el Newport, Ky 
CINCINNATI BICKFORD TOOL CoO., A. ; Cincinnati 
CINCINNATI MILLING MACHINE CO Cincinnati 
COLUMBIA TOOL STEEL Co., F. A. Terry, Dist. Sales Mgr.............. Cincinnati 
DRESES MACHINE TOOL CO., Charles E. Gilbert, Pres. and Gen. Mgr Cincinnati 
DURIRON CO., Dayton, Ohio 
GRUEN NATIONAL WATCH CASE CO., Carl W. Bieser, Supt ......-Cincinnati 
LODGE & SHIPLEY MACHINE TOOL CO., Fred Schoeffler Cincinnati 
NILES TOOL WORKS CO sie eb eas 0c @ SEES, 
TOOL STEEL GEER & PINION CO Cincinnati 
U. S. PLAYING CARD CO ssanahan 


.Cincinnati 
CLEVELAND CHAPTER 

BIDLE CO., W. eae Cleveland 
CASE SCHOOL OF APPLIED SCIENCE, Dept. of Met. & Min. Engr....... Cleveland 
CLEVEmaee Weel Semin OG. CHAO. EB. BPiGRGOR.... ccc cc ctcccscvccesvesend Cleveland 
COLUMBIA TOOL STEEL CoO., G. C. Beebe, Dist. Mgr Chicago Heights, II. 
DARWIN & MILNER, INC., Victor Tlach,; Pres... ..ccccccccccccss Cleveland 
FARRELL CHEEK STEEL FOUNDRY CO., John E. Sweet .......Cleveland 
Pe a, a IL, nce oaein ee. Ow anete Cleveland 
MARQUETTE METAL PRODUCTS CO., Herbert Gleitz .Cleveland, Ohio 
WARNER & SWASEY 


ree eee Cleveland 
WHEELOCK, LOVEJOY AND CO., INC., E. C. Bartlett, Dist. Mgr.. ....-~-Cleveland 


DETROIT CHAPTER 

ALLEGHENY STEEL CO Brackenridge, Pa. 
ATLAS STEEL CORP., J. C. Gearhardt, Dist. Detroit 
BETHLEHEM STEEL CO Detroit 
BLAICH CO., ALFRED O., J. A. Howland Detroit 
CENTRAL STEEL CO., Arthur Schaeffer, Dist. Sales Mgr ... Massillon, O. 
COLUMBIA TOOL STEEL CO., Alex. Luttrell, Dist. Mgr.... Detroit 
DEARBORN CHEMICAL CO., C. I. Loudenback, Rep is sing Som ak tec 
DRIVER-HARRIS CO., W. E. Blythe, Dist. Mgr ioe Detroit 
ELECTRIC FURNACE CoO., F. J. Peterson, Sales Engineer eas 


Salem, O. 
FLOYD CO., F. H., R. K. Floyd, Gen. Mgr . 5 oe o DOCPORE, 



























































































































































































































































































TRANSACTIONS OF THE A. 8. 8. T. 


DETROIT CHAPTER (Continued) 
FORD CO., J. B., C. R. Beaubian, Sales Mgr 
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tt BR A ere eee 
LUDLUM STEEL OO., J. E. Polhemus, Dist. Mar. ......ccccccccccccccces Watery] 


I oe ee 
I a i as Rate ae aa el Bie ah eee ee 
ROCKWELL CO., W. S.. M. L. Hollister 


RODMAN OHEMICAL GO., G. A. Webb, Dist. Mer 


ROESSLER & HASSLACHER CIIEMICAL CO., Alfred C. Stepan, Dist. Mgr...New Y 
Dame GSEs Beste EADOMATORE, TH. A. WOOP. cvccccncctccisvewvecececen 
STEEL TREATING EQUIPMENT CO., G. O. Nixon, President................0.2.. 
wees Gmuteeees Breen CO., H. KB. Mixon, Bem. ..ccccsccccccccvecwcensces 
VANADIUM ALLOYS STEEL Co., A. F. MacFarland, Dist. Mgr................ Latr 
ET Waa ourcuciancu eccee cus ue eerie kere ac uetebe ts ic uuceuues Lansing 
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GOLDEN GATE CHAPTER 





AMERICAN CAN CO., Oscar Malmquist, Supt. S. F. Mach. Shop............ San Fr 
AMeesuanN FORGE O0., Joseph Eastwood, Pre...cccccccccvccccsccvccsecs San Fr 
BETHLEHEM SHIP BUILDING CORP., LTD., E. Essner..........---sceeees San Fr 
rene Serene C0e U,V, BM. chs ccc veces rewecbenedeWnceseas Peor 

















COLUMBIA STEEL CORP., William Cohn, Assistant General Superintendent. .Pittsburg, | 


HALL-SCOTT MOTOR CAR CO., INC., Carl Valladao 


Cae ok alee eae eee Oakland, | 


JEWELL STEEL AND MALLEABLE CO., Theodore A. Haase................ San Fr: 
rn I WE as eng Wh aka nD ua Siva aw & larg Hig @: 4hiah k woo tse who Berkeley, | 
ss i iin. a OI IR SE ad a we ea eed eee e eee San Fr 
reese Games Gen, Gocwee Tnttem, Gales Wer. ccc s cccseccccccscedsveces San Fra 
MACAULAY FOUNDRY CO., William Olsen, Superintendent.............. Berkeley, 
PACIFIC FOUNDRY CO., John S. Fowler, Metallurgist.................000- San Frar 
Seeueeaaee wees Meera CH, Vi. BR GPRIWOR cock ceccccc cece cetencccces Stockton 









HARTFORD 





CHAPTER 





CARPENTER STEEL Olson, Dist. 


i hs ar a nL aks Ce an rat hi adel nal eh ria fo bo ww ss a Collinsville, 
COLUMBIA STEEL & SHAFTING CO., H. C. Booth, Rep.................. Hartford, 
i a acai Oh a iglcal haath bblgucahory ie iad el Gy Bards as Becky oh Wee ww i ana Collinsville, 
Foeee ween eres CO., Henry IF. Moore... ccccccccesvccesvcswss Hartford, 
PRAsen & OO., INO., PETER A., Edward H. Bohmet......cccccscccccces Hartford, 
re ee ee 0, 6 6 oe a.0.0s ceed seme Sadee’a «eee ewe Hartford, 
re Sr, BO Oe ca cccecdcecesecscecdeseesceseea ean Hartford, 
eres mere? Cee. 2. B. EMD. ca ccccitveccnccseuceseves New Britain, 
EeGGre a Wee Semceeeeee OOO, SOMMm J. MIGEMEPTO. 2 cc ccccviccececevccocsoveses Hartford, 
Wg tt OR ee ee ee ee Bristol, 
NEW DEPARTURE MFG. CO. (Plant A), Carl Amderson........cccccsccvees Bristol, 
NEW DEPARTURE MFG. CO. (Forge Plant), William Klenke............... Bristol, 
Rew pereetuee mre. OO. CPiant C), F. Casey cccccccccccccsccvesesec Elinwood, 
NEW DEPARTURE MFG. CO. (Plant C), W. E. Steinreich................ Meriden, 
I i i a ai a ea la ah ain al ei, we ak ahi Asa ele oI Hartford, 
PRATT & WHITNEY AIRCRAFT CO., Andrew Wilgoos...........ccececees Hartford, 
rs i Re eGo 5 ald sale a ais hb 3 wish a abe ee abe wes am Hartford, 
ee er cre. Ce. cee eee e te eecceceegeceweeeeeeki Hartford, 
Seeeeueees Dermeeee Ck. Gs B, PRRs, Beer. onc kesisiccocccccccsvcvcseeus Hartford, 


STANDARD STEEL AND BEARINGS, INC., James E. Melson, Gen. Supt... .Plainville, 


STANLEY WORKS, Malcolm Farmer, Vice-Pres. and Gen. Mgr.......... New Britain, 
UNDERWOOD COMPUTING MACHINE CoO., Otto Thieme................... Hartford, 
oo 8 i ae ig ot ee ee er ea a Hartford 
eee. een We ee eens GO, Ee. Eee POON, Be inc ecdcctececsccecoses Hartford, 


UNIVERSAL STEEL CO., M. W. Singer, District Manager 


pisines wae byw em ediee Windsor, 
WHITNEY MFG, CO., J. C. Chapman, Rep 


A SE ey CSG Pr area on ee SN dy Hartford, 
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INDIANAPOLIS 
ADAMS CO., THE J. D 


Sich iw bel Sek Bheck oS we. 6 we Mine ee eee. W era e bela er eee Indiana} 
eS rd eg as inert ada Sak oie Wl 6 lo Sina ore We a Indianaj 
Ce cn Ce a a. en wie adle blew 6406 es See OUEOs CORew Se bead Indianap« 
CRUCIBLE STEEL CO. OF AMERICA, C. W. Mayer, Dist. Mgr...........eee- Indianaj 
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8 gh OR Se ee en er er re ee Indianay 
MUids JR., CO.. J: W., General Manager, J. W.. Mull, JP. .ccccccccescccssseces Indiana} 
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MUNCIE PRODUCTS DIVISION—GENERAL MOTORS CORP., D. 0. Thomas, General 


Manager 
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ROSS GEAR & TOOL CO., David E. Ross, Vice-Pres. and Gen. Mgr.......... Lafayette, | 
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LEHIGH VALLEY CHAPTER 


{[LEHEM STEEL 
‘ENTER STEEL 
RSOLL RAND CO., G. M. Forrest, 


LOS ANGELES CHAPTER 
SON MACHINE 
‘HES TOOL CO 
PP, JAS. 
LUM STEEL CoO., _ 4 
MB TOOL CO., Morris B. Pendleton 
4N FORGE & ENGINEERING CO. 
‘MAN STEEL CASTINGS CO., C. J. 


MILWAUKEE CHAPTER 


MBIA TOOL STEEL CO., Robert B. Schei 
Vl DUTY ELECTRIC Co., E. L. Smalley 
GHTON & CO., E. F., H. G. Lloyd, Dist. 
rm Coa... 4A. © CC. B. Langetroth....... ‘ ; 
SLEY STEEL TREATING CO., Charles Wesley, Sr., Pres 


NEW HAVEN CHAPTER 


LIS HEAT TREATING CO., Major 

ISTOL CO., H. H. Bristol, Vice-Pres 

ASE METAL WORKS, H. P. Croft 

\STERN MACHINE SCREW CORP., T 

OMETRIC ‘TOOL CO. 

PPENSTALL FORGE CO., C. J. Sauer, Gen. 
MILLERS FALLS CO., W. H. Shortell, Factory gr 
NEW HAVEN CLOCK CO., W. E. Chamberlin, 
Oo. K. TOOL CO., R. S. Young, Metallurgist 

AGE STEEL AND FLAGG 
EMINGTON ARMS CoO., INC., 


SOUTHINGTON HARDWARE CO., William FE. Smith, Gen. Mer... 
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C. Smitru, Secy.-Treas., 
International Harvester Co., 
Fort Wayne, Ind. 


CASE GROUP 
C. H. Junes, Chairman, 
Case School of Applied Science, 
Cleveland, 
M. Burns, Secretary, 
se School of Applied Science, 
eveland. 


ST. LOUIS CHAPTER 

C. B. Swanper, Chairman, 
Wagner Electric Corp., 
St. Louis. 

C. G. WeERscHEID, Secy.-Treas., 
Crucible Steel Co. of America, 
St. Louis. 


SYRACUSE CHAPTER 

WALTER BoLton, Chairman, 
Brown-Lipe-Chapin, Gen. Motors Div., 
Syracuse, N. Y. 

S. P. Peskowi1tTz, Secy.-Treas., 
Halcomb Steel Company, 
Syracuse, N. Y. 


TORONTO CHAPTER 

J. W. McBgan, Chairman, 
Central Technical School, 
Toronto, Ontario. 

A. G. Davis, Secy.-Treas., 
Consumers’ Gas Co., 
Toronto, Ontario. 


TRI CITY CHAPTER 

Cuas. E. ScHERER, Chairman, 
Davenport Machine & Foundry Co., 
Davenport. 

GEORGE UHLMEYER, Sccy.-Treas., 
People’s Power Co., 
Rock Island, Il. 


WASHINGTON-BALTIMORE CHAPTER 
JEROME StrRavss, Chairman, 
U. S. Naval Gun Factory, 
Washington, D. C. 
G. W. Quick, Secretary-Treasurer, 
Bureau of Standards 
Washington, D. C. 


WORCESTER CHAPTER 

E. D. CLarK, Chairman, 
Crompton & Knowles Loom Works, 
Worcester, Mass. 

C. G. Jonnson, Secy.-Treas., 
Worcester Polytechnic Institute, 
Worcester, Mass. 


MONTREAL GROUP 
Dr. ALFRED STANSFIELD, Chairman, 
McGill University, 
Montreal, Canada. 
F. H. Wiuiams, Secy.-Treas., 
51 Rutland Ave., 
Mount Royal, 
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JAMES STURROCK, JR., Chairman, 
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“Very Remarkable Results” curysiis 


“We have obtained very remark- 
able results from the Hoskins Elec- 
tric Furnaces, which we recently 
installed for the purpose of black 
enameling our Exhaust Manifolds,” 
writes Mr. C. H. Fennell, Plant 
Engineer of the Chrysler Corpora- 
tion. 


He also says, “This unit has a 
capacity of about 450 jobs per day 
of 2-coat work and will easily take 
care of, roughly, 800 single coat 
jobs per day—and the results are 
very satisfactory. 


“The most pleasing part of the 
entire installation is the fact 
we control our own productio: 
well as quality of work. Also, 
savings are retained by the Chrysle 
Corporation, which savings we 
sider quite remarkable.” 


These facts show what almost al- 
ways happens when a Hoskins E| 
tric Furnace is used on a job, that 
fits. Whatever your heat treat 


problem is, 
Electric 
solve it. 


some one of Hos! 
Furnaces will help 
Ask for Catalog 51-S 


HOSKINS MANUFACTURING COMPANY 


4439 Lawton Avenue, 
Chicago 
Otis Bldg. 


New York 
Grand Central Terminal 


— 


Originators and Manufacturers of 


Cleveland 
Leader-News Bldg. 


Detroit, Michigan 
Boston 
Park Sq. Bldg 


San Francisco 
1151 Market St. 
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Transactions until 


youve read The 
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Lest Your Foot May Ship,- 


in buying Electric Furnaces 


of 
WY AN 


vt HERE is a tremendous volume of Electric Furnace Business now being placed, and due 
for placing in the first quarter of the new year. We are flooded with Furnace Parts 
= riers, and planning for more. The lessons that we have learned in Foundry Practice, 
” sign, Testing, Ete., are being applied to the improvement of our product, vet: 
C THE BIGGEST LESSON WE HAVE LEARNED FROM OUR CONTACT WITH FUR- 
SS VACE BUILDERS AND USERS, has little to do with alloy—But IS OF VITAL IM 
PORTANCE TO YOU IF YOU BUY FURNACES. 
10 Here it is: 1. The best furnace built is not perfect 
ya The best furnace built would be better and last years longer if the builder 
><) did not have to ‘* Build to a price’’ 


3. Further, and essential, approximation to perfection in furnace building is 
‘ possible only when the buyer makes an INTELLIGENT FLEXIBLE 
APPROPRIATION to cover his needs. 


UI Furnace building is a new art as now practiced, it has inherent limitations, the limitations 

{the existing practical knowledge. The man who adds additional limitations by driving 
iV the furnaee builder, who must eat, to extremes of economy by buying Cheap Furnaces is 
ob / ating his own parachute. He is ruining his own chances of getting the best furnace 


dtainable, 


momy in first cost buying has its virtues, when applied to materials on which the buyer 


| s thoroughly informed. As a rapidly progressing art the Builder of Furnaces knows so 
1g much more about his business than ninety-nine per cent of the plant Engineers, that the 

man who tries to tell the supplier how to build the furnace is getting on thin ice. In 
1g effeet he tells him how to build it when he buys ‘‘On Priee’’, which means that the maker 
) must ‘‘Skimp’’ on the furnace. 


t! The Furnaces that are being taken out today, the ones that will be taken out in the future, 
r the most part ‘*Skimped’’ furnaces. Even on the Skimped ones the buyer often 
gets re than he’s entitled to if he allowed the Builder half the margin he runs his own 


Ousiness on. 
PRAiro re. 
~ 


‘ 


When writing to General Allovs Company please mention TRANSACTIONS 
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l_arge Pots Push P erfectly 


HAT’S our verdict on the problem of pushing large Carbonizing or 

annealing pots through a Pusher, or Counter-Flow Furnace. Q-Al- 
loy Trays, with Inverted Pots, relieve all strain from the Pot and insure | HE 
the user of securing the economies pictured by the Furnace Engineer. = 
We are making large numbers of exceptionally large pots and they are 
giving universal satisfaction. Your pot problem can undoubtedly be 
solved with Q-Alloy. 


ho on 


We have made more Pusher Pots, Boxes, and Trays than all other alloy 
makers combined, and it is only obvious that we should have learned 
something about them. What we have learned represents the difference 
between success and failure with pusher pots and boxes. Let one of ou! 
men explain that difference to you. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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From Their Failures 


We Have Learned 


HE gross and pitiable failures which many alloy makers have made 
and are making in the domestic oil burner field are so obvious that 
no one could fail to note them, particularly one studying the art. 


We have made a lot of progress in our own development of domestic 
oil-burner fire pots, but we could not have progressed so rapidly with- 
out fostering a lot of bum stuff on the public, we never do that, had not 


our esteemed contemporaries made hundreds of alloy castings which 
failed. 


From their failures we have profited. If you too can profit from your 
failures with other alloys, your experience with them may make you a 
customer of ours. To our contemporaries we are thus deeply obligated. 


When writing to General Alloys Company please mention TRANSACTIONS 
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Nuts for Christmas 


OME enterprising Furnace Builder is going to get a flock of nuts 

that won’t crack for the Holidays. This neat little pile is part of 

an order for several thousand, and of course there’s the bolts to go wit 

them. The bolts are heavy long ones and the boys thought it would savé 
a lot of elbow grease just to show the nuts without the bolts. 


Each of these nuts, when tapped and threaded, (and that’s easy wit 
Q-Alloy), will assume a lot of responsibility in proportion to its size 
—almost as much as a safety-pin. Little parts like these must 
made to pattern,—sharp corners like their forged cousins, so that thé 
wrench won’t slip and bark the knuckles of the assemblying genii. 


The whole meat of this nut situation is this. “Cheap” alloy foundrie 
can’t make neat castings like these. If they made them you couldn 
machine them. These reasons, plus Q-Alloy quality, are good selling 
arguments 


When writing to General Alloys Company please mention TRANSACTIONS 
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Historical Research 


“\7 OU can just tell she wears ’em” remarked one Gladiator leaning 

on a Hot-Dog stand outside the great coliseum to his boy friend 
as Soldiers led a Christian Slave in clanking Chains into the arena. 
The Chain first functioned under heat at the Human Bar-B-cues of 
the Ancient World. Spirit communication fails to reveal exact temper- 
atures. However, it’s a safe guess that the first really satisfactory 
Chain for high temperature uses was Q-Alloy. 


Tons of Q-Alloy chain have been supplied to serve under varying con- 
ditions of load under temperatures to 2000°F., and the service com- 
plaints have been few. Too many perhaps, both of them, but we are 
doing our best to surpass malleable foundries, who make chain by 
the hundred million links, with an alloy whose pouring characteristics 
are necessarily far more complex. 


We will make better chain, but the chain we now make is about 96% 
commercially strong checking up all installations. Is your product 
any nearer perfection? 


When writing to General Alloys Company, please mention TRANSACTIONS 
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By 
By 
Most Economical and 
Efficient Materials 

For CARBONIZING BOXES Ch 
ANNEALING BOXES Ch 
CYANIDE AND LEAD POTS Ch 
FURNACE PLATES Ch 
MUFFLES AND RACKS Ct 
TUBES AND RETORTS 7 

CONVEYOR FURNACES 
GLASS ROLLS AND DIES | cl 
ANY PARTS : 
operating between 1000°F. “ 

and 2200°F. 


GENERAL ALLOYS COMPANY§ © 


General Offices 
BOSTON—27—MASS. 








N. E. A , 
CHICAGO 27 Von seas Oe NEW YORK 
3002 Wallace St. eis 26 Cortlandt Street 
DETROIT CLEVELAND INDIANAPOLIS 
General Motors Building 2281 Scranton Rd. Merchants Bank Building 
ROCHESTER TORONTO ST. LOUIS 
921 Granite Building 191 Adams St. 1517 Olive St. 


CINCINNATI 
1620 John St. 
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“Now! 
A New Book 


on the 


Metallurgy of Iron and Steel 


By F. T. Sisco, metallurgist, Air Service, War Department, McCook 
Field, Dayton, O. 

By Bengt Kjerrman, metallurgist, Langshyttan, Sweden. 

By Birger Egeberg, metallurgist, Halcomb Steel Co., Syracuse, N. Y. 


TABLE OF CONTENTS 


Chapter I—Manufacture of Iron and Steel 

Chapter II—Mechanical Treatment of Steel 

Chapter III—Manufacture of Iron and Steel Castings 

Chapter IV—Wrought Iron, Malleable Iron and Semi-Steel 

Chapter V—Chemistry of Iron and Steel 

Chapter VI—Chemistry of the Blast Furnace and Bessemer Process 


Chapter VII—Chemistry of the Open-Hearth and Electric Furnace 
Processes of Steelmaking 


Chapter VIII—Chemistry of Wrought Iron and Crucible Steel 
Chapter IX—Some Comments on Swedish Steel Practice 
Chapter X—On Electric Steel Melting 


The authors of the chapters in this book have presented the extensive 
subject of iron and steel manufacturing in a clear, concise manner, mak- 
ing their descriptions as non-technical as it is possible and still have them 
of scientific value. 


_ The chapters vf this book have been reprinted from the TRANS- 
ACTIONS of the American Society for Steel Treating as a result of 
numerous requests that they be brought together and published under a 
single cover. 

200 pages, 6x9 Numerous illustrations 


Price: paper cover, $1.00 post paid 
Price: cloth cover, $2.00 post paid 


Send Orders to Book Department 


AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave., Cleveland, Ohio 


When writing to advertisers, please mention TRANSACTIONS 












TRANSACTIONS OF THE A. 8 





JUST OFF THE PRESS 


Industrial Furnaces 


VOLUME II 


Fuels, Furnace Types and Furnace Equipment 
Their Selection, and Influence upon 
Furnace Operation 



















by W. TRINKS 


Professor of Mechanical Engineering, Carnegie Institute of Technology 


CONTENTS 


Chapter I—Fuels and Sources of Heat Energy 





Chapter II—Combustion Devices and Heat Elements 
Chapter I1I—Control of Furnace Temperature 

Chapter 1V—Control of Furnace Atmosphere 

Chapter V—Labor-Saving Appliances 

Chapter VI—Critical Comparison of Fuels and of Furnace Types 
Chapter VII—Selection of Fuel and Furnace to Suit Plant Conditions 








Vol. I. 319 pages. 6x9. Cloth. Price, $4.50. 


Vol. II is nevertheless complete in itself. 
Cloth. 


255 figures. 
405 pages. 6x9. 292 figures. 





PRICE §5 50 POSTPAID 
° 


SEND $10.00 FOR BOTH VOLUMES 


SEND ORDERS TO 


AMERICAN SOCIETY for STEEL TREATING 


4600 PROSPECT AVENUE CLEVELAND, OHIO 


When writing to advertisers please mention TRANSACTIONS 
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“It’s hardly believable” 


they say. 


“A new Standard of performance”’ 


is how we express it. 


ES, it does seem hardly believable 
that a steel can produce 350,000 
pieces between grinds when at one time 
it could never produce more than 10,000. 
Yet this is typical of the result of 
mounting dies in Danly Die Sets—“hard- 
ly believable” increase in the life of dies, 
with many other advantages. 
Rapid and accurate set-up, front ard rear of 


shoe and punch holder machined paraliel 
leader pins and bushings 


Ask us to explain! 


) Shearing absolutely prevented, punch holders 
die shoes of semi-steel maintained in 
1ient by hardened steel bushings and 
* pins 


Dies quickly and easily mounted, because both 
t 


wes of die shoe and underface of punch 
- are ground parallel. 


Accurate stampings, elimination of shearing 
ire assured because leader pins of hardened 
es el fit hardened steel bushings without ‘‘per- 


ible shake.’’ 


litions ne 
5 tandard punch holder shanks carried in 
ple body maintains rigidity around bush 

3, protecting dies and maintaining accuracy 

Long life with precisional accuracy are assured 

liberal lubrication of ‘‘glass-hard’’ wearing 


races, 


Rapid and rigid set-up under all requirements, 
1use Of ample clamping surface or slotted 


Yes, Danly Die Sets are 
strictly precision tools. 


DANLY MACHINE SPECIALTIES, Inc. 


2126 S. 52nd Avenue, Chicago 
Detroit, Mich. Cicero Branch P. O. Long Island City, N. Y. 
1537 Temple Ave. ; 35 Wilbur Ave. 


When writing to Danly Machine Specialties, Inc., please mention TRANSACTIONS 
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A) Show Your Colors 


LL MEMBERS of the A. S. S. T. should make a practice of wearing the S 
emblem. It is neat and inconspicuous and immediately conveys the informatio: 
the wearer is a progressive individual and a member of a live, wide awake organiz 
The pin is in black and gold as shown above, with safety fastener, and will be mailed : 
post paid upon receipt of $1.00. 


AMERICAN SOCIETY FOR STEEL TREATING F 


4600 Prospect Ave. Cleveland, 0. 

















No Initiation Fee 


Application for Membership in the 


American Society for Steel Treating ¥ 
4600 Prospect Ave., Cleveland, Ohio 


(See opposite page for Classification and rate for dues.) 
I hereby make application for some feemiieda’ membership in the Society, and 
agree, if elected, that I will be governed by the Constitution, By-Laws and Rules o/ 
the Society as long as I continue a member. I furthermore agree to promote the ob ame 
jects of the Society so far as it shall be in my power. $5.00 of my dues is for 
year’s subscription to The Transactions of the American Society for Steel Treating | 





The annual dues for membership and the annual contribution for Sustaining 
members shall be as follows: 










rT iii $10.00 
i 15.00 
a 2.50 


NE ” Gdattiennbctitinees Bhakti in adeebatinenanmndn Member 
If candidate does not know any member of the Society, a reference will be satisfactory. 
PEOEED Wicbintdcenedndisinitinbabnmbsaddendibbciaiiidanneitbmeeiiiene. — 


All members in good standing will receive the Society’s publications, which contain papers 
presented at the chapter, sectional and annual meetings. 


When writing to advertisers please mention TRANSACTIONS 
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S SERVICE FOR MEMBERS 


[he Library Bureau of the American Society for Steel Treating is operated to give to the 

rs quickly, reliably and at the minimum expense the following service: 
the S A complete copy 
Matior 
rganiz 


of the magazine article referred to in any periodical you may be 


A Translation of foreign articles that would help you with your work. 
A list of references to books and articles on any metallurgical subject. 


Informing the members of new articles of interest to them as an engineer. 
Patent Reviews. 


+ 


[he Library Bureau makes the entire field of literature available to every member, distance 
minated, for it will copy the desired information and send it to you. It also helps the 
man by supplying information without any expenditure of his time. The charge for this 
il work is merely its cost. 
Through the courtesy of Nelson Littell, we have secured an additional library service for 
rs of the A. S. S. T. This service comprises the selecting and supplying of copies of 
nt patents, on specified subjects, as they are issued by the Patent Office 
Mr. Littell will review the Official Gazette each week, selecting those patents on subjects 
1 by individual subscribers, and order separate copies mailed directly to them from the 
S. Patent Office. Subscribers may specify the field of patents which would be of interest, 
hey may supply a list of their products and manufacturing processes whereby Mr. Littell 
1 judge as to what current patents would be of interest to them. 
The cost for this service is $10.00 per year, plus 10 cents per copy for each copy of a 
nt furnished. 
The Library Service does not obtain any profit from the work, but does this to make the 
mation contained in the large iibraries with which it has connection available to every 
nber. The rates are as follows: 
Photo Print Copies of articles, drawings, etc., 25c per 10x14-inch sheets. 
Searches, abstracts, etc., $2.00 an hour. 
Translation, $6.00 per thousand words for French or German; $7.50 and upwards 
for other languages. 
society, and Reference card service, giving reference to current magazine articles, $10.00 a year 
i a in advance, and 5c for each card mailed. 
nd Rules of Members desiring to avail themselves of this service should address Library 


Bureau, 
note the ob American Society for Steel Treating, 4600 Prospect Ave., Cleveland, Ohio. 
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Sustaining 
CLASSIFICATION OF MEMBERSHIP 
AMERICAN SOCIETY FOR STEEL TREATING 


The following paragraphs from the Constitution should enable you to properly fill the application 
on Opposite page: 


IV. Section 1. (c) “A MEMBER shall be a person, twenty-one years of age or over, who is 
engaged in work related to the manufacture or treatment cf metals, or the arts connected 
therewith, and who is not a member of the sales department of any organization which 
manufactures or deals in materials, supplies or equipment of any nature whatsoever used in 
ich arts.”’ 

Dues $10.00 per annum. 


(d) ‘*An assocIaATE shall be a person, at least twenty-one years of age, who is engaged 
in work related to the manufacture or treatment of metals, or the arts connected therewith, 
and who is a member of the sales department of an organization which manufactures or dvals 
in materials, supplies or equipment used in such arts.” 

Dues $15.00 per annum. 


(e) ‘“SusTAINING MEMBERS shall be those persons, firms or corporations, who, because 
f exceptional interest in the work of the Society, contribute the annual dues of Sustaining 
Members as hereinafter set forth.” 


Membership in this class will be awarded to those who contribute not less than $25.00 yearly, 
will be acknowledged by printing the name of the donor in each issue of the Society’s Transactions 


r 


er the caption ‘‘Sustaining Members.”’ 
IV. Sec. 1. (f) “A suNr1oR shall be a person interested in, or engaged in, work related to 


the manufacture or treatment of metals or the arts connected therewith, who is either (1) in 
attendance as a student at some institution of learning, or (2) under twenty-one years of 


? 
we 
age. 


Dues $2.50 per annum. This fee includes subscription to The Transactions and Data Sheets. 
I I 


All dues are payable immediately upon notification of election to membership and are for one 
from date of said election. Following payments are due upon same date each year. 


ntain papers If a member desires, his dues may be paid in two equal installments. 


When writing to advertisers pleasc mention TRANSACTIONS 
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Ad cinay 


i The Survival («. of the Fittest 


VER since the dawn of 
history the law of life 

has been the survival of the 
fittest. @ Recently in the 
wonderful plant in which is 
produced one of the finest mo 
tor cars made in America—the 


LOCOMOBILE 


—a blind test was conducted 

to determine the make of tool 

steel they should adopt for production work on lathes and 
shapers. Each tool was treated exactly as instructed by the 
steel manufacturer. The tools were then designated by num- 
ber only, so that the machine operators had no way of dis’ 
criminating between the various makes. Each steel was given 
a break-down test,—on the basis of these blind tests—Loco- 
mobile has standardized on Red Cut Superior High Speed Steel. 


Vanadium-Alloys Steel Company 
LATROBE, PENN’A 
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DISTRICT OFFICES 
New York Dayton 
Pittsburgh Chicago 
Detroit Cincinnati 
Cleveland Springfield, Mass 
WAREHOUSES 


DISTRIBUTORS 
Avegg & Reinhold Co., H. D. Taylor Compar 
Los Angeles, Calif. Buffalo, N. \ 
Peninsula Iron & Stee! Co. Faitoute Iron & Steel ¢ 
San Francisco, Calif Newark, N. J. 
W.S. Dunlap, Edgecomb Steel C 
Latrobe, Pa. Detroit, Mich St. Louis, Mo Philadelphia, Pa 
Chicago, lll. Springfield, Mass. AGENCIES—W. S. Murrian Company, Knoxville, Tent 
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When writing to Vanadium-Alloys Steel Co., please mention TRANSACTIONS 
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Vy eS, we will admit it’s a bold statement but nevertheless of the 

thousands of dies, tools, gears, etc., heat-treated by the 
YLCRIT (volume-critical) method using the ROCKWELL 

ILATOMETER we have yet to hear of one cracked in heat- 
atment. And better still, these VOLCRIT treated parts are 
giving greater service and life than was hitherto thought 
ssible. 


Better investigate now and reduce that scrap pile of “cracked 
in heat-treatment” parts. 


“You can’t fool the Dilatometer”’ 


THE STANLEY P. ROCKWELL Co. 


New England’s Heat-Treater’s Supply House 


66 TRUMBULL ST. - HARTFORD, CONN. 


Represented by 
E QUEEN CITY STEEL TREATING CO. THE PACIFIC SCIENTIFIC co. 
John & Oliver Streets - Cincinnati, Ohio San Francisco, Calif. - Los Angeles, Calif. 





When writing to The Stanley P. Rockwell Co. please mention TRANSACTIONS 
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our business ~ 


your heat treating problem 


IXTEEN years of building electric furnaces confers 

upon T-Grid engineers an enviable ability to design 
and build heat treating equipment with full knowledge 
of the requirements it must meet and the conditions 
under which it must operate. Your problem in their 
hands receives the painstaking eare which only this ex- 
perience makes possible. 


Whatever may be your heat treating problem, T-Grid 
engineers will give competent advice in selecting the best 
furnace type, and in the planning of auxiliary equip- 
ment. ‘l'-Grid furnace designs covering every type and 
size, and a wide range of auxiliary handling, timing, and 
quenching equipment, insure complete solution of every 
need. 


Both T-Grid Electric Furnaces and their auxiliaries are 
built on the same standard of ruggedness, dependability, 
and correct design, which have kept T-Grid equipment at 
the front in the heat treating field. 


Our engineers will gladly assist you in 
solving your heat treating problems. 
Literature will be mailed on request. 


The Electric Furnace Co. 


541 Wilson Avenue Salem, Ohio 


When writing to Electric Furnace Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


GAS 


LOW-PRESSURE 
FUEL BURNING EQUIPMENT 


PULSE RE LE 


SUR ele 


% A.C. Giowee Guraer Using Gas 
At the W. S. Bidle Compeny, Steel Treaters 


|THE NORTH AMERICAN MFG.COMPANY 


BS24 FREDERICKAVE. CLEVELAND,OHIO, 


1304 AN3H SNUNG 


—_— ln 


The NU-TYPE is the most beautiful and artistic pocket pencil on the market. 
In construction, in artistic finish, and design, in its sturdy wearing qualities it 
endears itself to its users. It is a “different” pencil, and a better pencil. 

The barrel is made of light, hard, enduring rubber composition which takes a 
very handsome finish. The rubber barrel is, in turn, reinforced with a metal tube 
which, by its special design, insures a splendid combination of strength and 
lightness. 

A common defect in other pencils of this type is the ease with which the leads 
break in feeding through the tip. This defect is remedied by a specially con- 
structed tip and by the dual gripping action on the lead. 

NU-TYPE is known as “The Panel Pencil.” The panels, clips, nuts, as well 
as the tips and caps, are made of 14k gold filled. These panels are attached to 
the pencil, just above the clip, a patented feature, and are engraved with the 
A. S. S. T. emblem. 

PRICE POST PAID 


No. 150—Octagon Barrel, 514“, Panel lock and A. S. S. T. clip, 14k 
Gold Filled 


American Society for Steel Treating 
4600 Prospect Ave. Cleveland 


When writing to advertisers please mention TRANSACTIONS 
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RODMAN 
PRODUCTS 




















| 
; 
] 
Case Hardening Compounds 
. . . 8 
Longer life and uniform quality. | 
- 
Sealright 
A luting materia! that does not corrode the containers. |i 
prolongs their life indefinitely. 
2 . 
Quenching Oil 
A faster oil with uniform quenching charactenistics. 
s a 
Rodman Chemical Company | 
VERONA, PA. 
\ 
oo ae 1001 Majestic Bldg. 
Rockford....... 700-702 Race St. 
Pittsburgh..... 1200 Standard Life Bldg. 
Baltimore...... 803 Emerson Tower Bldg. 
Bartterd. 6006: The Stanley P. Rockwell Co., 66 Trumbull St. 
Pacific Coast........ Waterhouse & Lester Co., San Francisco and Portland. 








| ee A ALGAE 


When writing to Rodman Chemical Co., please mention TRANSACTIONS 











ADVERTISING SECTION 


THE ULTIMATE IN FURNACE EFFICIENCY 
—the “AMERICAN ELECTRIC” POT TYPE 


for LEAD—CYANIDE—SALT—BABBITT—ALUMINUM. 


(his pot type equipment is a revelation 
1 efficiency and economy of operation. Will 
more work and better work than any 
er pot type furnace ever built. Usually 
es its cost in pot life alone. 


Temperature range to 1700° F. 


These furnaces have completely solved the question of get- 
ting the most heat per unit of current consumption and wherever 
a lead, salt or cyanide furnace is used, the “AMERICAN” ELEC- 
RIC will show enormous savings in labor, quality and work 
produced. 


We shall be glad to recommend the right furnace for your 
work, 


American Metallurgical Corporation 
27 VON HILLERN STREET 


BOSTON, MASSACHUSETTS 


When writing to American Metallurgical Corporation, please mention TRANSACTIONS 
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AMERICAN 


‘SJESSOP’S”’ TOOL STEEL | 
TOOL STEEL BARS SHEETs | 
BLOCKS 
















American Shill 
and Scientific 
Practice 





MANUFACTURERS OF HIGH GRADE 
STEELS FOR TOOLS OF EVERY 
DESCRIPTION 







MASS. 






















JESSOP STEEL CO. = Pr 
Head Office and Works bor | 
WASHINGTON, PENNA. sat 
aa” || fae km a 
DETROM, MICH. CLEVELAND, oito ee Pro 
Site samen BARS SHEETS | 


HAMILTON, CANADA 
King William Street 









It will Pay You to Use 


MIiv s HARGUS 
OIL HARDENING TOOL STEEL 


WE ESPECIALLY RECOMMEND THIS GRADE FOR _ TOOLS 
REQUIRING A KEEN, DURABLE CUTTING EDGE, SUCH AS 
TAPS, REAMERS, THREADING DIES, BLANKING, PUNCHING, 
FORMING, AND TRIMMING DIES, MASTER TOOLS, GAUGES, 
AND FOR ALL PURPOSES WHERE TOUGHNESS, NON- 
SHRINKING, NON-DISTORTION QUALITIES ARE REQUIRED. 


ZIV STEEL & WIRE CO. 


2945-51 W. HARRISON ST., CHICAGO, ILL. 


“tag Erichsen Testing Machines 


Standard the World Over 


For the Determination of the Drawing, 
Stamping, Compressive and Folding 
Qualities (the “Workability”) of Sheet 
Metals. 








Know your Metal. 
Save time and save money. 


The Bock Machine Company 


3618 Colerain Ave. Cincinnati, 0. 





When writing to advertisers, please mention TRANSACTIONS 


ADVERTISING SECTION 


Senate 


FOR THE “TOUGHEST” 
METAL WORKING CONDITIONS 


New Development 


In BROACHING OIL 


The new STUART Broaching Oil 
successfully eliminates the neces- 
sity for white lead, lard oil or 
costly sulphur base oil mixtures. It 
produces a glass-like finish on the 
tough alloy steels usually specified 
for automotive gears and allows 
broaching speeds up to 30 feet per 
minute 


Proving Instrument i 
lor Checking Brinell broaching oil mixtures the STUART 
a m : a" hi . product in ready-mixed form offers 
Har ness esting . lac LINnes. KIGHT spe Cc advantages carefully 
Bureau of Standards described in the new STUART book- 
Certificate of Calibration let on the subject of broaching oil. 
With each of Our Instruments; Write for Your Copy at Once. 
Proof of Excellence, 


Mark of Distinction. eww Reo aE oY, ‘a ek 


Morehouse Machine Co. HOI oe alata 


YORK, PA. Warehouses in Principal Centers 





— 
Another Furnace 
Installation 


AS \ \ a = : BY THE 


{SSS Wnt | | LORD ELECTRIC ©. 


112 WATER STREET 
BOSTON PITTSBURGH _ 
_—___—— ——————— error 


0 Pins snow your "BOSTON _ om 
a + ee E re x 

ne le en | tl Ml 
Machines \\ a ne , ‘ore 
d Over a ee healing 
he Drawing, s : t 
nd Folding Get Business by Mail 
”’) of Sheet 


pages of vital business facts and 
res. Who, where and how many 
prospects are. 
i 5,000 lines of business covered. Com- 
- i by the Largest Directory Publish- 
oney. ers in the world, thru information ob- 
tained b ttual door-to-door canvass. 
y actua 
~ . Write for your FREE copy. 

~ompany R. L. POLK & CO., Detroit, Mich. 

. ; 634 POLK DIRECTORY BLDG. 

ncinnati, 0. Branches in principal cities of U. S. 


When writing to the above companies please mention TRANSACTIONS 
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No. 2-B earboniz- 
ing machine with 
heat controller. 
Capacity about 
600 Ibs. per charge. 


900% Net Return 
On Gas Carburizing 


NE of the largest manufacturers of coal min 

ing machinery formerly used liquid fuel for 
carburizing and heat treating steel. America) 
Rotary Gas Carburizing Machines were recom 
mended and installed. During the first norma! 
month’s operation with this equipment, in which 
time 113 tons of steel were carburized and heat 
treated, costs were reduced from $115.00 t 
$47.50 per ton. During August, 1926, 213 tons 
were processed (carburized and heat treated in 
the same machines) at a cost of approximatel) 
$27.00 per ton. Not allowing for depreciatio: 
of equipment, which is less than 10% each year 
these figures indicate a net saving and return 
on investment of 900%. 


Bulletin 12-A On Request 


AMERICAN GAS FURNACE CO. 


ELIZABETH, N. J. 


When writing to American Gas Furnace Co., please mention TRANSACTIONS 














{DVERTISING SECTION 


Undaunted -— cen — 


will summa) the acteristics of the Seminoles. 

Ludlum ‘‘Seminole’’ Heavy Duty Chisel Steel is no less 
eapable of surviving the hardest of punishment against 
overwhelming odds. For example, a chisel made of this 
super-steel cut 200,000 rivets without breaking while 
numerous other tests have proven its superior enduring quali- 
ties for completely defying the heavy usage demanded of 
Bull Dies, Plate Punches and Dies—Let us tell you more about 
this non-battering, fatigue resisting steel that will not crack 


or break. 
LUDLUM STEEL CoO. 


Watervliet, N. Y. 


ot A 


HEAVY DUTY 


min 


. [| For better results — 
com | in heat treating— 


vhich =| valuable suggestions in this FREE book 
heat 


0 t | A practical and concise treatise on the problems of 
quenching and their successful solution has been 
yume published for free distribution by The Griscom-Russell 
din Company. This treatise briefly outlines the principles of 
atel) heat-treatment operations in general, explains the factors 
atior that must be considered in determining the correct 
quenching speed, fully discusses the various quenching 
| | mediums with their applications and limitations, and ex- 
arn fl plains the methods by which Ford, Packard, General 
| Motors, Hyatt, Ingersoll- Rand and many other concerns 
are securing uniformly excellent results in their quench- 
ing operations. 


For your free copy, write to 


year 





Co. 


The Griscom-Russell Co. Dept. G, 285 Madison Ave., New York 


— - ace ieac iil a 





When writing to the above companies please mention TRANSACTIONS 
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Installation of 


( HESASB-0-EY 


FURNACES 


at 


Great Lakes 
Forge Co. 


Chicago 








This is one of a s 
of advertisements s/ 
ing how owners 


Hevi Duty furna 
































specify Hevi Duty ie 
additionak equipmer t 
—— 
The above furnace 
was installed in 
April of this year. 
The three furnaces 
at the right were 
added as a result 
of the successful 
operation of the 
first. 
“100%  satisfac- 
tory,” advises A. 
M. Steever, chief 
metallurgist. 
RIC co. |||. 
MILWAUKEE, WIS. ma 
BO 
Cleveland New York Chicago Buffalo 
NE 









When writing to Hevi Duty Electric Co., please mention TRANSACTIONS 


buffalo 





ADVERTISING SECTION 


FORGINGS | NTF 
DIE BLOCKS | Hy ye 
SHEAR KNIVES TOOL STEEL 


neS'STeRe, 
FINE STEELS 
MADE BY THE 
CRUCIBLE PROCESS 
CLARITE HIGH SPEED STEEL 
OILDIE NON-SHRINKING 


COLUMBIA SPECIAL CARBON 
TOOL STEEL 


"Rave mart COLUMBIA EXTRA, er 


HEAT TREATED 


PRODUCTS xr aT ae 
OUR SPECIALTY eas | 


* 
Seememeeneeel 


Heppenstall Forge & Knife Co. COLUMBIA TooL STEEL COMPANY 
WORKS 3 are pets 9, 
PITTSBURGH, BRIDGEPORT, MICAGO MILWAUKEE CLEVELAND DETROIT 


me 


Ganschow 


Gears 


Any size or kind. 
We have the most 
complete facilities 
in the Middle 
West. Write our 
nearest office. 


William Ganschow Company 
12 N. Morgan St., CHICAGO 


SAN FRANCISCO - - - -. The Percy E. Wright Engineering Co. SEATTLE 

BIRMINGHAM . C. B. Davis Engineering Co. “Ry % SALT LAKECITY - F.C. Richmond Mchy. Co. 

Allen & Drew { } - - = * H. S. Stockdale 

NEW YORK- - - L.C. Biglow &Co., Inc. “@pege PHILADELPHIA - - R. E. Spencer Geare 
DETROIT F. J. Niedermiller 


When writing to the above companies, please mention TRANSACTIONS 
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T IS equally important to 
know the proper steel to 
order and to know that you 
will get what you order—ex- 
actly. Interstate experienced 
metallurgists and Interstate 


precise manufacture will 
help you make sure of both. 


INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 


Hunterstate 
Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Rivets and Cut Tacks 
Iron Bars and Railroad Tie Plates 


When writing to Interstate Iron & Steel Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


ROCKWELL 


ELECTRIC AND FUEL FURNACES 


For HEAT-TREATING 


AUTOMATIC, SEMI-AUTOMATIC And STATIONARY TYPES 


AUTOMATIC HEAT-TREATING FURNACE 


GURNACES and fuels should be selected for the useful service they can 
render when properly employed under specific conditions, and with 
due regard to their form as well as price. Each should be selected on its 
merits. Their use is but a means to an end, the economic value of which 
is measured by the resulting quality and cost of the finished product or 
service, and not by any one phase of their performance. 
We are free from prejudice or preference in the matter of fuel or elec- 
tricity, or type of furnace equipment, as our aim is to deal with each case 
on its merits. 


Bulletin 234-C illustrates methods of heating and handling and 
furnaces employed in a great variety of heat-treating operations. 


Write nearest office for a Copy 


W.S. ROCKWELL COMPANY 


FURNACE ENGINEERS and CONTRACTORS 
50 Church St. (Hudson Terminal Building) New York 
‘[~ STABUSH o” 
BRANCHES 1688 
iru 
Chicago Cleveland Detroit ANDY 
S. Dearborn St. Union Trust Bldg. Majestic Bldg. . K 
Montreal, Canada: 358 Beaver Hall Square. OWER co? 


British Representative: Gibbons Bros., Ltd., Dudley, Worcester, England 


9 


When writing to W. S. Rockwell Company please mention TRANSACTIONS 
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Blast 


Furnace Operators 
need this data! 


LEADING firm of blast furnace engineers has compiled a list of tem 
perature and pressure measuring instrument applications which hay 
proven practical and profitable in blast furnace operation. Those sug 
gested are tabulated below. Let us supplement them with definite recom 


mendations. Simply check the items that interest you and send us this 
advertisement. 





















INSTRU- APPLICATION INSTRU- APPLICATION 
MENT MENT : 
Hot blast main at en- Gas flow in stove 
trance to bustle . : main. 
pipe. Flow Meter) Flow of washer water 
Pyrometer 


Downcomer, or top Air (blast) flow. 
dustcatcher. 
Stove flues. 







For Power Plant 


«a 




























\ 
Blast pressure in hot , . ’ 
blast main after Pyrometer —_ 2 gas tem- ; 
washer. perature. ; 
Pressure ek een wnort ( Temperature of con V 
Gauge \Blast pressure near ,, denser water at in- 
blowers Thermometer let and outlet. ‘ 
( water pressure in \Steam temperature. ’ 
bosh water circle 
pipe. ela (Steam pressure. 
a ; Pressure Blast pressure at 
Temperatures of  in- Gauge | blowing engine. 
( coming washer wa- 
ter. . . 
i Temperatures of dis- Steam flow from indi- 
rhermometer charge water. ; vidual boilers. 
Temperature of clean- Flow Meter) Steam flow on steam 
ed gas. distribution lines. 
ry f THE BROWN INSTRUMENT COMPANY, 4557 
{fo —_____—__ fy Wayne Avenue, Philadelphia, Pa. District offices: 
‘ “To Measure is to | New York, Boston, Pittsburgh, Detroit, Cleveland, 
Jt Economize™Pascel Ft Columbus, Chicago, Indianapolis, Birmingham, 
- - Houston, El Paso, Tulsa, St. Louis, Denver, Salt 
Lake City, San Francisco, Los Angeles, Montreal. 
I 
( 
I 
cmmeen 





When writing to The Brown Instrument Co., please mention 


TRANSACTIONS 









‘ tem 
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JIN 
stove 


water 


tem- 


con 
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steam 
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ARSENIC COPPER 


Chromium (Pure & Ferro) 

\langanese (Pure & “Low 
Carbon” Ferro) 

Pure Cobalt 

Ferro Titanium 

Calcium Silicon 

lungsten (Powder & 
erro) 

\nd Other Special Alloys 


Large stocks carried in New York 


Write for Stock List 


deCourcy Browne, Inc. 


Metallurgical Engineers 
8 W. 40th St. NEW YORK 








ADVERTISING SECTION 


COulcan 


TOOL STEEL 


When up against it— 


use “Uulcan 


Vulcan Crucible Steel Co. 


Aliquippa, Pa. 











_ Automobile and other Alloy 
Steel Specifications are 
becoming more and 


more exacting 


It is necessary, therefore, to use the highest grade of 
raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 


In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores, 


oxides and aluminum. 


Tungsten Powder ____-_- 97-98% 
Pure Manganese _______ 96-97% 


Ferro-Chromium —____-_- 


Pure Chromium _______97-98% 
Ferro-Tungsten —--_-_---- 75-80% 
Ferro-Titanium —__----- 25% 


Ferro-Vanadium 35-40% (1% Silicon) 


Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


Pittsburgh . S. San F i 
Chicago 120 Broadway, New York City 72" ommenco 
Boston 


When writing to the above companies please mention TRANSACTIONS 
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TRANSACTIONS OF 


THE A. 8. 





T. 


The following data sheets have been issued and sent to members. 


nack sheets may order all or any 


Send all orders to A. 


Nitrogen in Steel 


Pacing Points of Chemical Elements......... 


Fusing Points of Seger Cones............-++- 


Physical Constants of the 


Principal Alloy 
Forming Elements 


Decimal and Metric Equivalents of Parts of an 

DE eRe eben ee tea dece sees venmecenwe 
Specific Heat of Air 
Weights of Steel Bars 
Wire Gauges 


Temperature Conversion Table 
Iron- Carbon 


coc e anaes we pe ees oe 
Mass Influence in Heat Treatment 


Interconversion Table for Units of Energy, Vol 
St Se. een cs cwdeens ebb 660040080 
Covrrosteti GE Trem Gi Bieehs ccc ccccccccccces 
Abrasive Wheels for Grinding Steel 
Metals and Ferro-Alloys 
DO Ch Mc coueeetasecteteandiaedoes 


Heat Content of Metals 
Nickel and Nickel-Chromium Steels 
Stainless Steel 


used in the manu 


ee 


sheets desired 
receive free data sheets as issued during the period 
ms: Es 


at the ‘‘rate 


to 


yf their membership. 


Page No. 


3 and 24 
5-38 
A39-42 Incl. 
\43-44 


\45-50 Inel 
A51-73 


C3-24 
3-10 Incl. 


Vanadium as an Alloying Element in Steel.... | 3-8 
Tungsten as an Alloying Element in Steel..... 11-4 
Recommended Practice in the Heat Treatment 

of 18% Tungsten High Speed Steel........ M3-4 
Recommended Practice for the Heat Treatment 

of Plain Carbon Tool Steel........ccccces | N3-6 
Recommended Practice for the Heat Treatment 

of Non-Shrinking, Non-Deforming, Oil 

Hardening Fool Steels. ccc cccccccceesceses N7-8 
Recommended Practice for the Heat Treatment ; 

an ae Sas ov dade dn wesscccccenea | N9-10 
Recommended Practice for the Heat Treatment} _ 

of Taps and Milling Cutters.............. | N11-14 
Tool Steel Trade Names. ....ccccecccccccecss N15-24 
Carburizing and Heat Treatment of Carburized 

DD godin andan edn CoCr + ema se oo 6 ee RO R3-R13 
Recommended Practice for the Carburizing of 

CE évakive seuvecubhewhanes vues eeaaeenes R15-17 
Recommended Practice for the Carburizing and 

Heat Treatment of Camshafts ............. R19-21 
Re RE ac cine eed decetarneee seen R-23-34 
PPC. vc wee he Cea eebeecedawd cepeseeets 53-17 
What Should a Man With only One Pyrometer 

eS So ee a eee S-19-30 


The Preparation of Metallographic Specimens... | T3-6 


Etching Solutions for Iron and Steel and the 


Structures Revealed by Each.............. | T'7-22 
PRIN 8g 6 bah ete hice s condos chase | T23-88 Incl. 
Critical Ilumination in Photomicrography..... T39-42 
Etching Solutions for Non-Ferrous Metals..... T43-56 
8. A. E. Steel Specifications................. | U3-6 
Berteees Hardiness Tessie kocsis ce ssiceweccccvecvs | V1-2, 2a, 

2b, 2c 
Rockwell Hardness Test............+.eeeeee: | V3-5 
Scleroscope Hardness Test............eeeeees | v7-10 
Percentage Reduction of Area for Tensile Test | 

BPOCUMOND ccc ccccccctecccesccessooes -++ | V11-16 Incl. | 
ee eee Te eee | V17-29 Incl. | 


(Continued on Next Page) 
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members.”’ 


When writing to advertisers, please mention TRANSACTIONS 


LIST OF A. S. S. T. DATA SHEETS 








members d 


AVE., CLEVELA 


Cost to 
Metnbers 
$0.05 


tir ee bo 


.20 


10 


-10 
25 


.30 
.10 


.10 
O05 


.40 


10 


40 
40 
10 
85 
.10 


15 
.10 
-10 


15 
35 


Member 


I 








M 


.20 


50 





— 
— 
ee 
——— 
— 
| 
\| 
| 
| 





| 
| 


ADVERTISING SECTION 


Ss. 8. T. DATA SHEETS—/(Continued) 
| Cost to 
No. Cost to Non- 
Page No Sheets Members Members 
ng Tests of Tool Steels V31-43 ° 85 70 
ird Clay Fire Brick Shapes and Tables , 
Turning Diameters with Siandard Fire Brick 
pes W1-20 Incl. 5 1.00 
| Baths | W21-35 Incl. 8 4 .80 
1 Consumption and Heat | W37-42 Incl. ae .80 
termination of Electric Furnace Efficiencies | 
and Heat Treating Costs W 43-50 F | 40 
ysical and Chemical Properties of Refractory 
Material W51-68 
commended Practice for the Heat Treatment 
of Plain Carbon and Alloy Spring Steel.... | Y 
leat Treatment of Permanent Magnet Steel.... | Y 


1.80 
10 
20 


ORDER NOW! 


DATA SHEET BINDER 


The binder shown here is of genuine 
cowhide, with 1 inch rings, capacity 
350 sheets and pocket in cover, especi- 
ally made for A. S.$.T. Hand Book 
sheets. 

Do not lose your valuable sheets by 
not having the proper binder. 

Members may obtain this binder, 
with name (in gold) stamped on cover 


for $2.00. 


4 
8 


Send order ana check to 


American Society 
PoE N Span for Steel Treating 


Cleveland, Ohio 


“SEMENTITE”’ 


CARBURIZING COMPOUNDS 


CLEAN — UNIFORM 


HEAT TREATING SUPPLY COMPANY 


SANDUSKY, OHIO 


When writing to advertisers, please mention TRANSACTIONS 
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MAY WE HELP YOU? 


If you want to improve your product ask 
us about the following. 


Carburizing Compounds 

Cyanide Compounds (for 
cyaniding) 

Kwick Kase (for cyaniding) 

Lead Pot Carbon (for covering 
Lead Pots) 

Tempering Oils 

Tempering Salts (High and Low 
Temperatures) : ; 

Sodium Cyanide (96-98%) Copper & Zinc Cyanide 

Brinell Machines Nickel Salts (Single) 


Rubbing and Finishing Compounds for all lacquers 


Furnace Cements 

Metal Cleaners 

Platers Cleaners 

Enamel Stripper 

Detergents and Special 
Cleaners for all pur. 
poses 


Park Chemical Company 


Metallurgical and Chemical Engineers 
DETROIT, MICH. 


ATLAS STEEL CORPORATION 


DUNKIRK, N. Y., U. S. A. 


HIGH SPEED TOOL STEELS 


ALLOYED TOOL STEELS 
CARBON TOOL STEELS 
SPECIAL ANALYSIS STEELS 
FOR ALL PURPOSES 


DROP FORCED HIGH SPEED + TEEI 


CUTTER BLANKS 


MAIN OFFICE AND WORKS Pa ALL STANDARD SHAPES AND SI 
Se ts ee 


a 


PURNING 


OTHER PLANTS 
Ww 


RAILROAD TIRE 


eUand, Ont... Can 


Ann Arbor, Mich. 
HARDENED AND GROUND TO YOUR 
READY FOR USE 


WRITE FOR SPECIAL BOOKLET 


WAREHOUSES: DUNKIRK; BOSTOS,; DETROIT; CHICAGO, PHILADE 


DROP FORGED FROM LXX H.CH SPEED 


CRUCIBLE MELTED 
ON Oe a) 
HAMMERED 

HOT ROLLED 
COLD DRAWN 


DISTRICT SALES OFFICES 


ZES New York 


a IFT Cotte) 


OOLS 


STEEL 
Te abe) 


id 1 ae Od te 


When writing to the above companies, please mention TRANSAOTIONS 
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ADVERTISING SECTION 


In Hassler Stabilizers, 
torsion springs and 
compression Springs 
are Chrome-V anadium 
Steel. 


STABILIZER 


PATENTS PENDINGE 


One of the 2,000,000 Hassler Stabilizers 


2,000,000 Motorists Ride 
On Hasslers 


And Hassler Springs Are Vanadium Steel 


N every Hassler Stabilizer are 

two small springs—the torsion 
spring and the compression spring 
— made of Chrome-Vanadium 
teel. 


Exerting pressure between the fric- 
tional parts of the Hassler, the 
compression spring automatically 
compensates for any wear on the 
Stabilizer’s thrust bearing or fric- 
tion disc. 


On the down stroke of the car 
frame, the torsion spring oscillates 
the Hassler Stabilizer’s drum, thus 
removing the slack in the connect- 
ing belt. 


“Chrome-Vanadium Steel is playing 
a prominent part in Hasslers”, 
writes Robert H. Hassler, Inc., of 
Indianapolis, “For years, we have 
used Chrome-Vanadium Steel satis- 
factorily.” 


If you are concerned with the se- 
lection of steels that will improve 
your products or their perform- 
ance, consult our Metallurgical 
Staff. Its cumulative experience 
is at your disposal. 


VANADIUM CORPORATION 
OF AMERICA 


New York Detroit 


VANADIUM STEELS 


for strength, toughness and durability 


When writing to Vanadium Corporation, please mention TRANSACTIONS 
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DEM PS EY Industrial Furnaces 


are “BEST” Built 











Dies weighing up to 1% i. S 
being heat tre ated in this furn 
The “exacting nature of this w 
is evident as the failure of a si 
die would mean a tremenduous 


We build a complete line of 
dustrial Furnaces for Anneali 
Carbonizing, Heat Treating, G 
vanizing, Plate Heating, Flang 
Shaping, Welding or Melting. 











May we 
ments? 


quote 


om your requ 


DEMPSEY Furnace Division 
W.N. BEST Corporation 


Engineers and Manufacturers since 1890 


11 BROADWAY 








DEMPSEY Heavy Duty Heat Treating 
Furnace at plant of Aluminum 


Die-Casting Corporation NEW YORK 











HOBSON’S CHOICE XxX 
EXTRA REFINED 


for 


FORMING TOOLS 
DRILLS, REAMERS, Etc 
HOBSON’S Warranted Best 
for DIES, PUNCHES and 


General Tools 


BLAICH 
Modern 


Carburizers 
Best by Test 


































Cyanide — 
All Grades 


Lead Coat— 
For Lead Baths 


CHOICE Polished Drill Rods 
PIVOT STEEL for SCALES 
HIGH SPEED STEEL 
SELF HARDENING STEEL 
FAST FINISHING STEEL 
SHEETS, Cutlery and Saw 
FORGED CUTTER BLANKS 
RINGS, DIE BLOCKS, Etc. 
5000 various SIZES IN STOCK 


for all purposes 


Hobson, Houghton & Co., Ltd. 


Offices and 83 Beekman St. 
Warehouse NEW YORK 



















Insulite — 
Prevents Carburizing 





A. O. BLAICH CO. 


DETROIT, MICH. 





When writing to the above companies, please mention TRANSACTIONS 
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Division ODAY in America there is twice 

; as much gas used as was used ten 
ration years ago—four times as much as 
ince 1890 5 twenty years ago. 
y YORK This great increase is due largely to the 

ae growing use of gas in industry. In 1910, 


only 5% of manufactured gas was sold 
in wholesale quantities, as compared 
with 25% today. 


i 
a, 


ICE XX 


Every year, every month, every day, sees 











NED : 
more and more firms turning to this 
OLS better fuel. It is estimated that more 
RS than 21,000 trade processes are now 
» Etc Four Advantages being carried out with the aid of gas. 
ed Best of Gas ° . I d 7 . f 
'S and Dependable— Have you investigated the advantages o 
. / any time, any place, any gas for your plant?.... Why don’t you 
P aes do it now? As the first step, write today 
ill Rods aaa - <p O ies for our interesting book, “Gas—the Ideal 
ICALES t matically controlled. Factory Fuel’. 
EEL : Economical— 
Ee lowest final cost per unit 
STEEL * of production. : er ta 
TEEL , Clean— American Gas Association 
id Saw 2 comfortable factory work- 342 Madison Avenue, New York City 
-LANKS bi ing conditions. 
S, Ete. F 
STOCK 


YOU CAN DO IT BETTER WITH GAS 
Co., Ltd. & TS 


eekman St. 


W YORK 








When vriting to American Gas Association, please mention TRANSACTIONS 
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== HARDNESS TESTING -e 


SHOULD BE DONE WITH 


PRACTICAL UP-TO - DATE EQUIPMENT ON BOTH 
METALS AND RUBBER, ETC. 





Do not experiment, but demand 
the best and most approved com- 
mercial means. For Metals and 
rigid materials, send for our free 
: booklet on the Scleroscope. For 
| a a acai Rubber and pliable materials, 
our Bulletin R-2 is free upon request. 














Scleroscope Model D Scleroscope Model C Testing Set 








The Shore Instrument & Mfg. Co. 


VAN WYCK AVENUE and CARLL STREET 
JAMAICA, NEW YORK 


Agents in All Foreign Countries 


When writing to The Shore Instrument & Mfg. Co. please mention TRANSACTIONS 






















ADVERTISING SECTION Zo 


=f BIND YOUR 
BOTH VOLUME X 


.. * TRANSACTIONS 





d com- 
Is and (Complete with the December, 1926, issue, 6 numbers) 
Ir free 
For As a_ service, members may _ have _ their 
erials, Transactions bound at cost by sending them 
to National Headquarters together with check for 
| 
2 r QO Q 
Back numbers can be supplied to complete your 
volume at 75c each. 
Send your copies to-day as it is only by having | 
a large number bound at the same time that this 
reasonable rate is possible. We will bind your Vol. 
| through 9 for you if you wish at the same rate. 
‘ 





0. American Society for Steel Treating 


4600 Prospect Avenue 
Cleveland Ohio 









When writing to advertisers please mention TRANSACTIONS 
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~ THE 


SWEDISH NICKEL ALLOY 


for use as 


CARBONIZING BOXES and COVERS “NI 
ANNEALING BOXES and TRAYS a 
CYANIDE BASKETS and HOLDERS 

FURNACE PLATES, RAILS, PANS 

FURNACE RACKS, MUFFLES, FRAMES 

CONVEYOR LINKS and PINS 

LEAD POTS 

GLASS ROLLS 


“Where there is HEAT use SWEDISH NICKEL ALLOY” 
ANALYSIS: Nickel 62 to 65% Chromium 15% 


CRUCIBLE STEEL 
CYANIDE ann LEAD POTS 


give longer service — save costly repairs — 
lower cost per furnace hour 


STEEL CARBONIZING BOXES | \ 
for use where the cost of Alloy is prohibitive | x 


We are specially equipt to handle your Pot 
and Box business. Send in your requirements 


SS) 


Swedish Crucible Steel Co. 


DETROIT, MICHIGAN 








When writing to Swedish Crucible Steel Co., please mention TRANSACTIONS 
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THE LEITZ WORKS ARE THE LARGEST MICROSCOPE MANUFACTURERS IN THE WORLD 


LEITZ 


EST’D: 1849 


THE STANDARD OF OPTICAL AND MECHANICAL PRECISION 
“MICRO-METALLOGRAPH” 


MODEL 1927 

















IN 








STOCK FOR IMMEDIATE DELIVER) 











The Leitz “Micro-Metallo- 
graph” is the rigid Standard 
of all those Metallographic 
Laboratories whose aim it is 
to obtain reliable and precise 
results in Micro-Analysis of 
Metals. It is selected by Gov- 
ernment Departments for 
Standardization of Gun- and 
Rifle-Manufacture as well as 
Ordnance Equipment. 











Model 1927 is characteristic 
through the added features: 
1. Conical-Stop Illumination 
(for increased contrast); 

2. Oblique Illumination De- 
vice (for increased contrast); 
8. Coarse Focussing Adjust- 
ment independent of microme 
ter screw. 

4. Micrometer screw having 
direct action upon objectives; 
5. New Type Opaque Illumi- 
nator; 

6 New Illumination Arrange- 
ment with special Collimator 
Lens System; 

7. Indirect Observation Win- 
dow at Camera; 

8S Focussing Extension Cab- 
inet with telescope; 

9 Shock-Absorber (immuniz- 
es the apparatus against vl- 
bration); 

Consider the Leitz “MM” 
first and you will be repaid 
manifold. 
































INVERTED MICROSCOPE STAND OF LEITZ 
MICRO-METALLOGRAPH 













(P) No. 1057 





WRITE FOR CATALOG 


60 EAST CEN 10TH ST. 


AGENTS: 


Pacific Coast States: SPINDLER & SAUPPE, 86 Third St., San Francisco, Calif. 
Canada: THE J. F. HARTZ CO., LTD., Toronto 2, Canada. 
Philippine Islands: BOTICA DE SANTA CRUZ, Manila, P. |}. 














When writing to E. Leitz, Inc., please mention TRANSACTIONS 
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Uy U FIRE No. 2200 
Uy Z ARMOR ALLOY 
Uy for temper- a heat 
U ature up to resisting 
Y 2400 deg. F. alloy 


ANNOUNCEMENT 


T° keep pace with the constantly increasing 
demand for our heat resisting alloy products 

have greatly increased our facilities for 
production. A complete new foundry has been 
built and equipped with the most modern elec- 
tric melting furnaces and mechanical apparatus 
obtainable. 









(his new foundry will operate in conjunction 

ith plant number one, thus providing excel- 
lent production and service facilities. The new 
plant is especially designed to serve the users 
of high quality heat resisting alloys. 


SQQQQy as 
AN 
\\ 


he excellent qualities of our special alloys are 
the result of carefully conducted research and 
a sincere desire for the best. Our engineers 
and metallurgists have but one ideal, one ob- 
jective,—to make the highest types of heat re- 


sisting alloy S. 


lf you have a particular problem requiring a spe- 
cial alloy and want advice, communicate with us. 


MADE ONLY BY 


The Chrobaltic Tool Company 


1501 E. Ferry Ave. 


Railway Exchan 1701 
Chiaago Ti,» DETROIT, MICH. Se> Sanat 


Philadelphia, Pa. 


Mr. J. W. Mull, Jr., Lorenzo Norvell Co.. Mr. C. K. Kelly 
Roard of Trade Bldg Chemical Building 344 Norwalk Ave., 
Indianapolis, Ind St. Louis, Mo Buffalo, N. Y. 
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When writing to The Chrobaltic Tool Company please mention TRANSACTIONS 


ADVERTISING SECTION 


Nioweli 


The big parade 


of good things made with the aid of 


Surface Combustion Furnaces 


You would be surprised if you knew how 
y 


fuel; every hourof supervising labor diverted 


many of the beautiful, valuable objects in 
the big Christmas parade of gifts were manu- 
factured withthe help of Surface Combustion 
Furnaces. 


From Elgin watches to Studebaker cars 
the list includes those famous products the 
makers of which demand precision plus 
economy in every manufacturing process. 

That so many well-known, successful 
manufacturing concerns have adopted Sur- 
faceCombustion points amoral to those who 
are still getting along with less efficient heat- 
ing machines. 


And the moral is: Every do!lar sa 


to more productive work; every reduction 
of “rejects” and “seconds”; every improve- 
ment in workability and finish; and every 
unit of increased output which Surface 
Combustion accomplishes means a better 
product, a reduced selling price to the user, 
hit tort 


] ] } + 


1 ¢} 
wnicn are the eiements 


and more net pro he manufacturer— 
upon which nation- 
ally famous products base their success. 
Investigate the possibilities of “Surface” 
for your processes. 
The Surface Combustion 
neers and Manufa 


y, Furnace Eng 
turers 

Avenue, Bronx, New 
Rranch Office 1A 


Surface Combustion 


Q) 


WHEREVER HEAT IS USED IN 
Viilization Division of the Combustion Utilities Corporati 


INDUSTRY a 
(ZX) 


Va 


When writing to Surface Combustion Co., please mention TRANSACTIONS 
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A POPULAR GRADE— 
ALLOY 


“BY” TEMPER NO. 2 ANALYSIS 


FREE MACHINING 
CRISP CUTTING 


GOOD PHYSICALS 
SHIPMENT from STOCK 


Send for 
“PERTINENT POINTS” ON “B” NO. 2 


Concerning 


ANALYSIS, PHYSICAL PROPERTIES, HEAT TREATMENT and USES 


ethic ae LOVEJOY E CU. INC. 


ns NEW YUR CLEVELAND CHICAGU 





ADVERTISING SECTION 


Three Years’ Service— 
NOT THREE MONTHS 


cKINNON INDUSTRIES, LTD., St. 

M Catharines, Ont., put a Carbo- 

, frax Hearth in one of their oil 

fired carbonizing furnaces. Three years 

later the hearth was still there. It had 

been on the job 24 hours every day ex- 

cepting Sundays and it was still in good 
shape. 


With ordinary fireclay hearth they con- 


sidered themselves lucky if they got an 
average of three months service. 


The furnace is used for carbonizing ring 

and drive gearsat a temperature of 

1,700° F. Seven more furnaces have been 

Carbofrax equipped since then. 

In addition to long life they found that 

the Carbofrax Hearth gave them an even- 

ness of heat over the whole hearth area— 

that there was an absence of leakage For 
through the hearth and that they could ‘ 
get their furnace up to heat after week- Longer Life 
end shut downs with far greater speed. G 

McKinnon Industries, Ltd., is one of reater 


Canada’s largest producers of automobile . 
gears, parts, drop forged wrenches, etc. Production 


Carbofrax Hearths can serve your heat- 


treating plant just as they have served 
McKinnon. 


CARBOFRAX HEARTHS 


ed THE CARBORUNDUM COMPANY, PERTH AMBOY,N. J. 
. g.U.S.Pat.Off 
\ : Williams oul Wilson, Montreal Christy Firebrick Co., St. Louis 
. 


GU : 


Oo. 2 


USES 


ween eeeeeen 


When writing to The Carborundum Company, please mention TRANSACTIONS 
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OLSEN TESTING MACHINES 


OLSEN LATEST AUTOMATIC AND AUTOGRAPHIC UNIVERSAL TESTING MACHINE. 
THREE-SCREW TYPE WITH QUICK CHANGE EIGHT SPEED REVERSE GEAR BOX DRIVE. 


The above illustration is of the very latest Olsen Automatie and Autographic Univ: 





‘ rhe 
Testing Machine of three-screw type, having our new quick chunge eight speed reverse gea c wale ¢ 
box drive. Autographice records may be taken in either tension, compression or transverse, M S¢ 
any point in the travel of the crosshead up to the rupture point of the specimen in thr 
magnitudes as to weighing the load and highly magnifying either the extension or compressio! North An 
on the diagram chart. Testing and adjusting speeds may be secured in either direction 
6.66", 6.3", 0.2°, 6.47, 1°, 9", 4 ena 8° per minute by operating the four hand levers Olsen Te 
shown with reference to instruction plate on machine. 
This machine represents the very last word in testing machine construction and pamphlet Park Chi 
covering these machines will be mailed on request. Polk & | 
LATEST OLSEN TESTING EQUIPMENT tor l 
Olsen Direct Motor Driven Production Type Brinell Hardness Tester Roc! Il 
Olsen Proving Ring for calibrating Brinell Hardness Testers. a 
Olsen Direct Motor Driven Ductility Testing Machine for sheet met toessle 
testing. . 
Olsen Extensometers and Strain Gauges. o In 
Si ls 
Bulletin covering any of the above mailed on request, Spence! 
St) 
Sur ; 
SW ’ 


Sole Manufacturers 


TINIUS OLSEN TESTING MACHINE CO. in 


500 N. 12th STREET, PHILADELPHIA, PA., U.S. A. 


Wethere] 
Wheeloe' 
Wilson-} 


When writing to Tinius Olsen Testing Machine Co,, please mention TRANSACTIONS 


ADVERTISING SECTION 


INDEX TO ADVERTISEMENTS 


Gas Association 
Steel Co. 

Gas Furnace 
Metallurgical Corp 


Steel 
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lening Service 
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Thermit Corp 
Company 
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American Manufacturing Co, 
resting Machine Co., Tinius 


Chemical Co. 
Go, BB Ek. 


1 Co., Stanley 
ll Co., W. S. 


Instrument & Manufacturing 
is Steel Mills 

Turbine Co. 

2 ye a 
Combustion Co. 


Roller Bearing Co. 


im Alloys Steel Co. 
dium Corporation of America 
Crucible Steel Co. 


Wetherell Brothers Co, 
lock, Lovejoy & Co., 
son-Maeulen Co. 


Vv Steel & Wire Co. 
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Greatest Success 
with ‘“‘Nichrome — 


Says large furnace manufacturer. 
More uniform work is se- Two of the reasons why manufactur: 
having better success with ‘“‘Nichrom: 
cured— with any other alloy casting. 
F “Nichrome” castings have won the f 
Less operating expense in- heat-treaters through perfect performa 
Precision methods in the making of the 
curred ings brings precision results. 
Write for our Casting catalog 
taining a treatise on Case Carburizing 


DRIVER~HARRIS COMPANY 
HARRISON, NEW JERSEY 
Chicago Detroit Morrist 
England Frat 


When writing to Driver-Harris Co., please mention TRANSACTIONS 
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MR. HEAT TREATER: 


‘How come you are not usin 
the Bellis Lavite Process?” 


‘‘Tnstallation cost?’’ 

i ‘No ! 99 

“Operation cost?’’ 

A ‘No ! 99 

‘‘What, then?”’ 

‘*‘BLINDNESS OF THE BOSS!”’ 


HERE’S an old saying that none are so blind as those who will not 
see. This type of executive, however, is not encountered very often. 
When he is we are glad to meet him for as a rule he acts promptly pro- 
vided he can see immediate returns in dollars and cents. 
Show him how the cost of an installation will reflect in the Ac- 


counts Receivable at the end of the month and we win with a 
walkover. 


The Bellis Lavite Process means work finished on Thursday that 
would not be otherwise out of the Heat Treating Department. until 
Saturday. This gaining of time with the Bellis Lavite Process holds true 
whether the operation is unnealing, hardening or tempering. 


A saving of two days production in the plant means two days more 
product billed to customers. The balance sheet will show the invest- 
ment paid for by the end of the first month: 


What could be sweeter? 


_. I guess the Boss will see your proposition now—TI'll get the requi- 
sition okayed today. 


THE BELLIS HEAT TREATING COMPANY 
Branford, Conn. 


FUTUR MER M ENT HO HONE EME O RENE Sere ee HH! 
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SPENCER TURBO-COMPRESSORS 


GIVE 
LASTING SATISFACTION 


‘The Spencer line of Turbo-Compressors for 1 lb., 142 Ib. and 2 Ib. pressures meets , 
wide demand for an efficient equipment of the “slow speed” turbine type for use jp 
supplying air for oil and gas burning furnaces, foundry cupolas, etc. 


It has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains with their 
resultant losses and noises. 


It givés constant pressure with no pulsations and no surging. 
It operates at low velocity. 
It permite direct connected equipment on 25 cycle service. 


The current consumption inherently decreases in proportion to reduction of volume 
of air used, eliminating all auxiliary governors. 


Slow Speed Spencer Turbo-Compressor 


The Spencer Turbine Co. 


HARTFORD, CONN. 
Ask your furnace manufacturer for details 
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